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EDITORS ADVERTISEMENT, 



I CANNOT allow this little treatise to appear 
without expressing the very high gratificatioa I 
have had in translating it, and thus assisting to lay 
it before the British public. 

It is, so far as I can judge, by far the best of 
the author's writings on the important subject to 
which it refers. 

Apart from all controversy, it contains, in the 
shape of fifty propositions, a most admirable sum* 
mary of the true relation between Chemistry and 
Agriculture. These propositions are beyond all 
doubt true, so far as our present knowledge extends, 
and contain principles, the due appreciation and 
application of which is of the last importance to all 
who wish to cultivate Agriculture on true, that is^ 
on scientific principles. 
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No doubt can be entertained by any one who has 
read the various memoirs published by writers 
opposed to the author's views, that these views and 
the principles or doctrines he has hitherto laid 
down, have been generally misunderstood by these 
writers, and that failure and disappointment have 
been the natural results. 

But in the fifty propositions now given to the 
world, the real doctrines of the author are so simply 
and clearly expressed, that it is almost impossible 
not to understand and appreciate them ; and it may 
be confidently expected, that their promulgation 
will produce most beneficial results. . 

I trust that I may be allowed to express this 
hope, since these propositions embody, in a fuller 
and more extended form, those principles of Agri- 
cultural Chemistry, or rather of the science of 
Agriculture, which I have deduced from the author's 
writings, land which I have long taught in my 
lectures, frequently in the very words now used by 
their author. So strong is my conviction of the 
truth of these principles, that I regard it as certain, 
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that all real improvements in Agriculture will be 
found, on examination, to be referable to these 
principles or laws, and that, as Baron Liebig 
somewhere has said, " therein lies the whole future 
of Agriculture." 

The present work demonstrates that the author's 
so-called "Mineral Theory" has been entirely 
misunderstood by Mr. Lawes, and that the experi- 
ments of the latter gentleman, in all points, really 
prove the truth of the " Theory," as it exists in the 
author's works. 

It is most gratifying to observe that the con- 
troversy has been conducted, on both sides, with 
perfect temper and good feeling, and this circum- 
stance will greatly enhance the value and efl&cacy 
of that portion of it now published. 



WILLIAM GREGORY, 

Professor of ChemiBtry in the UuiTerBity of Edinburgh. 



Edinbuboh, 
March Ist, 1865. 



PRINCIPLES 



AGRICULTURAL CHEMISTRY. 



My attention having been lately again directed 
to the applications of chemistry to agriculture and 
vegetable physiology, I found it necessary to go 
through the "Agricultural Journals" published 
since 1846, in order to acquire some knowledge of 
the experience recorded since that time. Of all the 
memoirs which have as yet appeared on this subject, 
that of Mr. J. B. Lawes, of Bothamsted, is the most 
remarkable, on account of the extent and duration 
of the experiments undertaken by him ; and as the 
conclusion at which he has arrived, and the con- 
sequences which he has deduced from it, are in 
contradiction to the principles which I have laid 
down, I consider what he calls his practical cri- 
ticism on scientific views as peculiarly adapted to 
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serve as an example, by which agriculturalists may 
be convinced how necessary it is to choose a cor- 
rect method in the institution of experiments, 
if such experiments are designed either to convey 
instruction, or to confirm or to refute views already 
promulgated. 

In fact, all the experiments of Mr. Lawes prove 
exactly the reverse of that which in his opinion 
they ought to demonstrate. Nay, I regard them as 
the most incontestable proofs in favour of that very 
doctrine, which they were originally intended to 
disprove; and the facts which he has established 
yield so many important lessons, in regard to the 
cultivation and manuring of the various soils, that 
I consider these facts of most especial value for the 
theory of agriculture. 

But before subjecting these experiments to a 
searching inquiry, I think it will be advantageous 
to premise a few words on the true method of 
experimenting in general, and on its significance, as 
well as on the relation which exists between the 
chemist and the art of agriculture. This relation 
is very commonly inaccurately apprehended, and 
from such erroneous notions arise the most singular 
misunderstandings. 

The investigation of natural phenomena, in the 
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course of its regular development, airives at certain 
fundamental principles or laws, the truth of which, 
when once ascertained and demonstrated, reqmi^ea 
no further proof In considering this suhject, we 
must distinguish those laws derived from reasoning 
from tliose derived from experience* All natural 
laws are obtained from experience, that is to say^ 
they are truths, which have been estabhshed by 
observation and experience. That the air possesses 
weight ; that is, is attracted by the earth ; that a 
body which biuTis in the air combines with an 
ingredient of the air ; that the weight of a chemical 
compound is equal to the Bum of tlie weights of its 
component parts; these are laws of natui-e. The 
constant ocenrrence of phosphoric acid, of alkalies, 
and of lime in the blood, in the organs of animals^ 
and in the seeds and juices of plants, is a law of 
nature. Again, that carbonic acid gas contains its 
own volume of oxygen ; that one volume of oxygen 
combines with two of hydrogen: these also ai^e 
natural laws. It is plain, that if these fundamental 
truths, or natural laws, are to be applied to the 
explanation of certain changes or processes in the 
arts, in agriculture^ or in other sciences, oxir 
insight into these operations depends essentially on 
our knowledge of the processes themselves, and on 

B 2 



4 AGRICULTURAL CHEMISTRY. 

a right understanding of the natural laws which 
have a share in them. 

When one of these two conditions is deficient or 
altogether wanting, conclusions are often arrived at, 
which are opposed to the laws of nature, or which 
seem to prove, that these laws are not sufficient to 
explain the phenomena. When we wish to apply 
these principles, or to bring the natural laws into 
operation, that is, as it is commonly expressed, to 
make an experiment, the success of that experiment 
depends essentially on the presence of all those 
conditions, on the simultaneous or successive action 
of which the phenomenon depends. And when the 
experiment does not give the same result as that 
which we had anticipated, this is always a sure sign, 
that one or other of the conditions has been inope- 
rative, or has been wanting. The failure of the 
experiment can never be regarded as a proof, that 
those principles, which are only expressions of natural 
laws, that is, of facts, are not true, since their 
truth has already been established by the most 
indisputable evidence. 

In like manner, the success of an experiment 
can never be regarded as proof of the truth of an 
opinion, when that opinion is in contradiction to 
established natural laws. Thus, the fact that a 
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man can raise himself from a plain into the air, 
to the height of many thousand feet> and with great 
velocity, cannot be considered as a proof that the 
force of gravity does not act on him ; although the 
rise of a balloon is a phenomenon exactly opposed 
to that of the fidl of bodies to the earth when left to 
themselves* When an experiment is intended to 
prove the truth ot a view or opinion^ we mustj above 
all things, if it succeed, explain why it has sue- 
ceded ; that is, the conditions of its success, and 
their cooperation in agreement with the laws of 
naturej must be sought for and determined. 

An experiment, no matter whether it succeed or 
fail, is, considered by itself, merely a naked fact^ 
which explains nothing, unless its success or failure 
be brought into connexion with the natural laws, 
by whose operation the result has been determined* 

There is no phenomenon, no natural process^ no 
experiment, which admits of explanation by only 
one natural law. Several such laws invariably 
cooperate to biing about the result. Thus, to 
explain the rise of a balloon, we must know four 
natirral laws. The explanation of the rise and fall 
of the bai'ometer, or that of the lowering of the 
boiling point of liquids on high mountains, pre- 
supposes an acquaintance with three natural laws. 
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The expression for the connexion of all the 
natural laws, by the cooperation of which a natural 
phenomenon or a natural process i& produced or 
effected, is called the theory of the phenomenon or 
process. 

The word theory, in natural science, has no 
other meaning ; and hence it may be seen how very 
far the notion of a theory in this sense differs from 
that attached to the word theory in ordinary 
language. In the latter, it often means the exact 
contrary of experience, the want of knowledge of 
facts, and of natural laws. But in the true scien- 
tii&c sense, theory is the sum of all experience, of 
all observations and experiments, and it is founded 
on the most accurate knowledge both of facts and of 
natural laws, for the obvious reason that it is the 
result of this knowledge. The statement, that the 
fertility of a soil increases or diminishes in direct 
proportion to the supply of what is called the 
mineral food of plants is no true theory, because 
the produce of a field, in the number and bulk of 
the plants grown on it, depends also on two other 
indispensable conditions, which are not included in 
the " mineral food of plants :" a true theory is the 
expression of all the necessary conditions, and none 
of these can be omitted. 



At the present day, in physics and chemistry, we 
have no longer theorists in the sense of the schools 
of the last century* Under this term were under- 
stood men, endowed with a lively imaginatioii, who, 
without instituting fai'tlier inquiries into natural 
laws, allowed a natural phenomenon, as it werej to 
be reflected in their minds, as in a mirror, and 
gave to the reflected image tlie name of explanation 
or theory- Such men are indeed still to be found, 
but only in those departments of science which 
have not yet acquired a truly scientific foundation ; 
and in which, partly for convenience, partly fi^om 
a deticiency of logic, such speculations are tolerated. 
The whole science of physiology long rested on such 
fanciful notions or theories j and the true progress 
of that important science only dates from a very 
recent period, when its cultivators began to eman- 
cipate themselves from the fetters of speculation. 

The true theorist is not the advocate of an 
opinion ; he does not give us, instead of an explana- 
tion, the image which he has formed in his own 
fancy of a phenomenon or natural process; but 
he endeavours to aseeiidin by observation and 
experience, all those conditions which have co- 
operated to produce the phenomena; and in the 
course of his researches he tests everv conclusion 
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at which he arrives, or every opinion which guides 
him, by experiment. When he has learned all 
the conditions, he then shows, always by experi- 
ment, that he can produce the result or phenomenon 
at will by the co-operation of these conditions in 
the, due space of time ; and this, not once nor ten 
times, but as often as he pleases, and invariably 
with the same result. 

All his success depends on the continual atten- 
tion which he pays to all the natural laws concerned. 
When he allows himself to be guided only by these, 
and not by mere fancies or imaginations, then, 
if his method of research be a just one, experiment 
always tells him the truth, and becomes the faithful 
guide and leader of his mind ; it tells him that he 
has gone astray, or that he is in the right path. 

If by experience we mean practice, then the 
theoretical chemist must be an experienced man; 
for he must know, practically, the laws of nature, 
and practically also the methods of investigating 
these, and the principles of their application. 

Theory comprehends the doctrine of the natural 
laws, and the rules and principles which are 
attached to their co-operation. Practice is the 
application of this doctrine, the employment of 
these rules and principles. 
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For most of tlie metliods used in obtainiBg 
chemical products, in the arts and manufactures, 
and ihe improyements of these, as, for example, 
the manufacture of sulphuric acid, of Boap, of 
glass, the e3Ltraction of metals from their ores ;— 
for these things we are indebted to chemists, who 
had practically studied the natural laws, the rules 
and principles, on which these operations depend* 
That is to say, we owe these processes and improve- 
ments to men who had investigated the theory of 
the production of these substances, without ever 
having been engaged in their manufacture. Such 
men as Davy, Gay Lussac, Berzelius, and Chevreul, 
were or are theoristB, but at the same time j>ractical 
chemists in the strictest sense of the words : they 
were practical men in their science. The Uchntcal 
chemist, who knows the theory of the various 
manufactures, teaches how to apply rightly their 
rules and principles in special cases. 

The manufacturer and artisan applies only a 
small number of the tliousands of natural laws, 
included in scientific chemistry, to the production 
of articles of commerce* His adviser in special 
cases is the technical chemist, who makes, or has 
aheady made, such cases the object of his 
investigations. 

B 3 
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The price, or commercial value of substances 
and materials which take a part in chemical pro- 
cesses and manufactures, is no object of scientific 
research, and cannot therefore be included by the 
theoretical chemist in his teaching. This price is 
the principal factor, which determines the producer 
of the commercial article in his choice among the 
numerous ways and means for putting in practice 
the rules given him, that is, practically, in the 
production of his goods. This factor varies ad 
infinitum according to countries and localities ; it 
depends on external things ; such as means of 
transport (roads, canals, railways) ; and the proper 
practice of the producer, who under all circum- 
stances must purchase labour and raw material, 
and sell his produce advantageously, consists, 
therefore, not only in the right employment of 
scientific principles, but also in the proper selec- 
tion of those ways and means, which enable him 
to supply his produce in the shortest time, in the 
largest quantity, and at the lowest price. 

Whatever process he may prefer, it is absolutely 
certain, that, in order to attain his object, he must 
in no way, and in no circumstances, act in opposi- 
tion to the natural laws, fundamental principles 
and rules, which theory teaches. For a profitable 
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maniifiieture is only possible if these rules and 
principles be followed^ and any deviation from tliem 
must affect injuriously certain parts of the manu- 
facture, and in general the time of production, the 
quantity or the quality of the commercial ai-ticle* 

Since the producer is at the same time a merchaait, 
and one who puts in practice scientific principles, 
it is easy to see^ that the masimmn of j:)rofit which 
a trade, a manufacture, or an art can yield, depends 
essentially on the combination of two kinds of talent. 
With a man, whose mercantile abilities are dis- 
tinguished, and are equalled by his knowledge of 
scientific principles and his technical dexterityj no 
one, in a similar local position and with similar 
connectionsj can at all compete, who possesses 
these qualifications united in a lower degree. It 
is obTions, that a predominating mercantile tact^ 
combined with order and economy, may often in a 
high degi'ee compensate for, or cover, the want of 
scientific knowledge, but that the Inghest scientific 
endowments cannot make np for the want of 
mei^cantile ability* I know manufacturers who 
carry on and yearly increase their business, while 
employing very bad methods of production, while 
other men, of high scientific attainments, in a like 
position ai*e ruined, because they have no sense 
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for order, and being ignorant of commercial habits, 
they cannot give a numerical expression to the 
values of time and labour ; in a word, because they 
do not know how to calculate. This is too often 
seen, and it has le4 many to the conviction, that 
scientii&c knowledge is of little importance in the 
manufacturing arts. Such notions are principally 
found among farmers, who forget that it is not 
capital, but the human intellect, which sets it in 
motion in the right way, that makes the profit ; and 
that scientific principles are the profit derived firom 
many thousands of human intelligences, which 
become so many willing and dexterous servants 
to our intellect, if we only appropriate them. 

From what has been said, it will appear, that a 
practical chemist (by which term I understand not 
a manufacturer) can be neither a theoretical, nor a 
practical, nor even an unpractical agriculturist or 
manufacturer, simply because he is no manufacturer 
at all. 

The search after ways and means of producing 
any product, which is at all producible by chemical 
or natural forces, presupposes an acquaintance with 
the properties and behaviour of all those natural 
substances, which present themselves as capable 
of yielding such a product. The chemist searches 
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for them, and places together all such as are proper 
for the desired object, without being guided in his 
researches by the unknown factor of price, because 
he knows that a method of production, which is to 
day impracticable, on the great scale, on account 
of high price, may not only become to-morrow 
practicable, but may possibly supplant all the 
other methods hitherto employed. 

The property of destroying organic colonrs, 
which apparently belongs to the most different 
substances, is referred by the chemist to the action 
of oxygen. He shows, that the action of air, light, 
and moisture may be replaced by that of chlorine 
gas, bleaching powder, chromic acid, or a mixture 
of red pmssiate of potash, and caustic potash* 
Organic colours may be bleached by any of these 
means, but they differ greatly in price, and on this 
account cannot replace each other in the different 
bleaching processes. But it does not thence follow, 
that one of these methods may not, under certain 
cii'cumstancesj be preferable to another, and that 
the dearest of them, in this case, may not, on 
accoimt of its pecuhar chemical character, replace 
the cheapest, as we know, in fact, to be the case in 
calico printing. 

In like manner, the use of chromic acid as an 
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oxidising agent, of phosphorus for matches, of 
stearic acid for candles, of sulphuric acid for 
separating gold from silver, of sulphate of soda 
in glass making, — all these valuable processes were 
scientifically demonstrated long before it was pos- 
sible to employ them profitably for the production 
of manufactured goods. And if the properties and 
behaviour of these substances, and their capability 
of being used for this purpose, had not been made 
known by the labours of scientific chemists, it 
would hardly have occurred to any manufacturer 
or artisan to bring them into use at the most 
favourable time. Such of them as were the first 
to make use of these means have, as a general rule, 
also derived the highest profit from doing so ; these 
are the true " practical men," who, knowing the 
doctrines and principles concerned, search for and 
discover methods of rendering them profitable. 
Those to whom, in ordinary life, the name of 
" practical men " is given, are generally such as are 
altogether incapable of doing this, because they 
are ignorant of scientific doctrine, which they 
regarded as unproductive, and which they conse- 
quently neglect or despise. Such a man, however, 
is properly nothing more than a workman who 
works according to a recipe, no matter whether 
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he has made it for himself or obtained it from 
others. 

The true practical man deduces, in agi-eement 
with the theory, which he knows, and which sharpens 
his powers of observation and guides bis intellect, 
the most profitable method for every different case 
as it occurs, and he renders the most unfavoiu'able 
circumstances more propitious to his objects in the 
shortest time and at the lowest cost. 

The preceding remarks may perhaps serve to 
place in a clearer light tlian is usually done the 
true position of chemistry and of the cliemist in 
relation to agriculture and to the agiiculturist ; and 
if the chemist is guilty of errors and blnnders in 
the judgment he forms of agricultural matters, he 
should not be too severely taken to task for these, 
because he must rest his conclusions in such cases 
on facts which he cannot know from his own 
experience, but must receive as accurate and trust- 
worthy from the wTitings of agriculturists. 

In order that the reader may the better judge of 
the application of chemistry to agriculture, I think 
it advisable to premise a statement of mj views, in 
a few short propositions, before I enter on the con- 
sideration of the experiments and opinions of 
^Ir. Lftwes* 
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The growth of a plant is preceded by a germ, 
which is contained in the seed. Land plants require 
a 9oil ; and without air and moistv/re no plant can 
grow. The words soil, air, and moisture are not 
in themselves an expression of necessary conditions, 
for there are calcareous, clay, and sandy or siliceous 
soils, soils derived from granite, gneiss, clay slate 
or mica slate, and others, which are very different 
in their composition and quality. The word soil 
is a collective term for a large number of conditions ; 
a fertile soil contains these in the due proportion 
required for the nourishment of plants ; in a barren 
soil, some one or more of these conditions are 
wanting. In like manner, the words manure and air 
include a plurality of conditions. The chemist, 
with the means at his disposal, analyses all kinds of 
soils ; he analyses also manures, the air and water ; 
he decomposes the collective terms which express the 
sum of the necessary conditions into a number of 
single conditions, and in his explanations he sub- 
stitutes these in their proper place, for the collective 
terms. Now it is easy to see that in all this there 
is nothing hypothetical. If it be an established 
truth, that soil, air, water, and manure exert an 
influence on the growth of plants, it is no less 
certain that they can only do this by means of their 
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constituent parts ; and the duty of the chemist is 
to make known, to the man who is occupied in the 
culture of plants, these constituents, their pro- 
perties, and theii* chemical action or behaviour. 

I now proceed to lay down the following proposi- 
tions, which contain the views I hold and have 
taught on this subject. 

1, Plants in general receive their carbon and 
nitrogen from the air, the carbon in the Ibnn of 
carbonic acid^ the nitrogen in that of atmnofiia. 
The tvater (and ammonia) yield to plants their 
hydrogen ; the sulphur of those parts of plants 
which contain that element, such as the sanguigenous 
bodies, is derived from sidphuric acid* 

2* On the most diversified soils, in the most 
varied cUmates, whether cultivated in plains or on 
high mountains, plmits invariably coutam a certain 
7iu7nber of mineral substances, andt in faet^ always 
the same substances ; the nature and qtialitp^ or ike 
varying proportions of which are ascertained by 
finding the cofjiposition of the ashes of the plants. 
The mineral substances found in the ashes were 
originally ingredients of the soil ; aU fertile soils 
contain a certain amount of them; they are never 
wanting in any soil in which plants thrive, 

3, In the shape of the agrieultux-al produce of a 
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field, or in the crop, the entire amount of these 
ingredients of the soil which have become ingre- 
dients of the plants, are removed from the soil. 
The soil is richer in these matters before seed-time 
than after harvest ; or, in other words, the compo- 
sition of' the soil after harvest is found to be changed. 

4. After a series of years, and a corresponding 
number of harvests, the fertility of the soil or field 
diminishes. While all the other conditions have 
remained the same, the soil alone has not done so ; 
it is no longer what it was at first. The change 
which is found to have taken place in its composition, 
is the probable cause of its diminished or lost fer- 
tility, 

5. By means of solid and liquid manure, or the 
excreta of men and of animals, the lost or diminished 
fertility of the soil is restored, 

6. Solid or farm-yard manure consists of decay- 
ing vegetable and animal matters, which contain a 
certain proportion of the constituents of the soil. 
The excrements of men and animals represent the 
ashes of the food consumed, that is, oxidised or 
burned in the bodies of men and animals ; food 
derived from plants which have been reaped on the 
supposed soil. The urine contains the soluble, 
the solid excreta the insoluble, constituents of the 
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soil deiived from the crops used as food, and 
reaped from the soil. It is clear, that by adding 
manure, or Hquid and sohd excreta to the soil, that 
soil recovers those constituents which have been 
removed from it in the crops. Thus, the restora- 
tion of its original composition is accompanied by 
the restoration of its fertility. It is therefore 
certain, that one of the conditions of fertiUiy in a 
soil IB the presence in it of certain mmeral consti- 
tmnts. A richj fertile soil contains more of these 
than a poor, barren one does, 

7, The roots of plants, in regard to the absorp- 
tion of their atmospherical food, behave like the 
leaves ; that is, they possess, like these, the power 
of absorbing carbonic acid and ammonia, and of 
emploj^iug these, in their organism, in the same 
way as if tlie absorption had taken place through 
the leaves- 

8* The ammonia which is contained in, or 
brought by means of rain, &c*, into, the soilj plays 
th€ part of a constituent of the soiL This is true, 
likewise, of the carbonic acid in the soil. 

0* Yegetable and animal matters, aud animal 
excreta, when in the soil, undergo puti*efaction 
and decay, or slow oxidation. The nitrogen of 
their nitrogenised constituents is changed, in the 
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processes of putrefaction and decay, into ammonia; 
and a small part of this ammonia is converted into 
nitric a,cid, which is the product of the oxidation 
or decay of ammonia. 

10. There is every reason to believe, that in the 
process of nutrition of plants, nitric acid can replace 
ammonia as a source of nitrogen; that is, its 
nitrogen can be applied, in the vegetable organism, 
to the same purposes as that of ammonia. 

11. In animal manure therefore, not only are 
plants supplied with the mineral substances which 
the soil must yield, but they are also supplied with 
those parts of their food which the plant obtains 
from the atmosphere. This latter supply is a clear 
addition to that which the air at all times affords. 

12. The solid and liquid parts of the food of 
plants contained in the soil, enter the organism of 
the plant through the roots; their introduction is 
effected by means of water, which gives to them 
solubility and mobility. Many dissolve in pure 
water, others only in water which contains carbonic 
acid, or some salt of ammonia. 

13. All those substances which render soluble 
those constituents of the soil which are by them- 
selves insoluble in water, have this effect when 
present in the soil, that they cause the same volume 
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of rain water to take up and introduce into the 
plant a greater quantitj of these constitiients* 

14. By the progressiTe decay of animal manure j 
the animal and vegetable remains of which it chiefly 
consists are converted into carbonic acid and 
ammoniacol salts, and thus constitute an active 
source of carbonic acid, which renders the air and 
the water which pass through the soil richer in 
cai*bonic acid than they would he without the 
presence of these remains. 

15- Hence J animal manure not only suppHes the 
plants with a certain amount of their mineral and 
atmoBpheTk food, but also provides them, in car- 
bonic acid and ammoniaedl ^^^ts — those substances 
which are the most indispensable for the introductwii 
into the vegetable organism of ike viineral consti- 
tuents wklek by themi^elves are insohible in water; 
and this to a larger amount in the same time than 
could he effected without the cooperation of decay- 
ing organic matter, 

16. In warm, dry seasons, plants receiYe from the 
soil less water than they do, in the same circum- 
stances, in wet seasons. The harvest in these 
different seasons is in proportion to this variable 
supply. A field of the same quality yields in dry 
years a smaller crop^ which increases in more moist 
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seasons ; and, if the average temperature be the 
same, it increases, up to a certain limit, with the 
amount of rain. 

17. Of two fields, of which the one contains more 
food for plants of all kinds, taken together, than 
the other, the richer yields, even in dry seasons, a 
higher produce than the poorer, other circumstances 
being the same. 

18. Of two fields, of equal quality, and containing 
equal amounts of mineral constituents adapted to 
vegetable growth, but one of which contains a source 
of carbonic acid, in the form of decaying organic 
matter or manure, that one, even in dry years, 
yields more produce than the other. 

The cause of this difference or inequality in the 
crop, in such cases, is to be found in the unequal 
supply of mineral constituents, both as to quantity 
and quality, which the plant obtains from the soil 
in equal times. 

19. All things which oppose or impede the solu- 
bility, and consequently the absorbability, of those 
parts of the food of plants which occur in the soil, 
diminish in the same proportion the power of these 
substances to nourish the plant, or, in other words, 
render the nourishment inefficacious. A certain 
physical or mechanical quality or state of the soil 
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IS a necessary coDclition to the efficacy of ihe food 
whicli is present. The soil must admit the free 
passage of air and water, and allow the roots to 
spread on all sides in search of food. The term 
tdluric condiiians comprises all such conditions a3 
depend on the mechanical quality of the soil and on 
its chemical composition, and are necessary to the 
development of plants.* 

■ Accoriiing to an excellent article in tlie fiupplemant to the 
A^^hurg AWje^fidne Zeilung of 2StL October, 1854| it oppeara that, 
to many p«rftonB^ tlie qufiation whether mEmoTB only exalts the 
physjciil powers of the soil, or ser^^efl akoj by its conjatituentd, for 
ih« nutritioQ of plants, still requires to b6 solt'sd. The expression 
"physical powers ^makea the answer diHtcultj because we do not 
know wlmt m meant by it, Tlie confitltuetite of a fertile a oil have 
many proportiii^ among which aome are physical, by which we 
^nlde^?^talld such as are cognleable by our setiaes, as colour, 
density, porosity^ Btiffneas, or lightneea. To the other cla^ of 
properties of the soil, not cogoisahle by the sensea, belong the 
chemical character^ by which we mean, those properties which 
accompany chemical combination or decomposition. The absence 
or the preaence of the physioal propertiea impedes or promotes the 
manifestation of the chemical ones, that is, the procesaoa of chemical 
combfiiation and decomposition; but considered by thomflelTes, 
they produce no elFeci By the term '* nutrition of a plant," we 
undeJ^tand the incrca&e of its fbaas in all i^ parts. In crease of 
maag ie increase of weight, which can only be effected by the assi- 
milation of ponderable particles. A substance contributes to the 
niitriiion of a plaut, ornio nther wonls, contributes, while becoming 
a ccnetituent of an organ or organs of the plant, by its own mass to 
this r^snlt^ that the weight of the plant is increased. It is eaay to 
see that the physical properties of matter by thomg^^lvos have no 
direct share in ihjs nutrition, A soil may poBsees the very heat 
physical qualitiea and yet be barren : in order to he fertile it must 
coutam substances of certain chemical propertiea^ and its physical 
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20. All plants, without exception, require, for 
nutrition, phosphoric add, sulphuric acidy the alka- 
lies, lime, magnesia, and iron. Some important 
genera require silica. Those which grow on the 
sea-shore and in the sea, require common salt, soda, 
and iodides of metals. In some genera, the alkalies 
may be, in part, replaced by lime and magnesia, 
or these latter by the alkalies. All these substances 
are included in the term mineral food of plants. 
Carbonic acid and ammonia are the atmospheric food 
of vegetables. Water serves both as a nutritive 
substance, and, as a solvent, is indispensable to the 
whole process of nutrition. 

21. The different substances necessary to the 
growth of a plant, or the different articles of their 
food, are all of equal value ; that is to say, if one 
out of the whole number be absent, the plant will 
not thrive. 

character must be such as to allow these chemical properties to be 
manifested. If the soil, from being very stiff, does not allow the 
roots to spread, the roots cannot reach the substances which thej 
require as food. If it do not permit water to percolate through it, 
the ixutritious substances cannot reach the roots. A piece of meat, 
as ever}'body knows, possesses nutritiye properties, but it does not 
nourish by means of its physical properties, its colour, the strength 
of its fibres, or its cohesion, but because its parts are capable of be- 
coming constituents of the living body. If we lay a piece of meat on 
the stomach externally, it has no effect, but must be first introduced 
into that organ, where it is dissolved, and so enters the circulation. 
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23. The soils which are proper for the cultivation 
of all sorts of plants^ contain all the mineral con- 
stituents necessary for these plants. The words 
fertile or rich^ barren or poor, express the relative 
q[aantities or qualities of these mineral substances 
present in the soil. 

By difference in qualiUj, we understand the 
unequal state of solubility, or capacity of entering 
the vegetable organism, in the mineral constituents, 
which entrance is effected by means of the solvent 
power of water. 

Of two soils which contain equal quantities of 
mineral constituents, one may be considered rich 
or fertile, the other poor or barreji ; if in the latter, 
these constituents are not free or available, but in a 
form of combination which renders them insoluble. 
A substance, chemieaLlj combined vrith another, in 
consequence of the attraction between its elements, 
opposes a resistance to any other substance tending 
to combine with it; and this resistance must be 
overcome^ if the nem^ compound is to be formed. 

23. AH soils adapted for cultui'e contaia the 
mineral food of plants in these two states. The 
whole, added together, constitute the capital of the 
soil ; and the available or soluble portions form the 
floating or moveable capital. 



m 
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s>4. To improve, emicii, or feii,ilke a soil by 
proper means, but without adding to it any mineral 
constituents, in to render moveable, soluble, avail- 
able for the plant a part of the dead or immoveable 
capital of the soiL 

S5. The mechanical preparation of the land has 
for its object to overcome the chemical resistance 
in the soil, or to render soluble and available those 
mineral constituents which are in chemical combi- 
nation, and thence insoluble. This ia effected by 
the aid of the aur^ of carbonic acid, of oxygen, and 
of water ; and the effect is called the weatherings or 
action of the weather on the soil. Stagnant water 
in the soil, which excludes the air from access to 
the insoluble compoimds, is an obstacle or resist- 
ance to the weathering. 

Sti. Fallmv is the time during which tliis 
weathering takes place* During fallow, carbonic 
acid and ammonia are conveyed to the soil by the 
rain and the air; the ammonia remains in the soil, 
if substances be present in due proportion which 
deprive it of its volatihty by combining with it. 

27. A soil is fertile for a given kind of plant when 
it contains the mineral food proper to that plant in 
due quantity^ in just proportion, and in a form 
adapted to assimilation, or available for the plant. 
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SB. Whett such a soil, by a series of crops grown 
on it without any replacement of the miaeral 
substances removed in those crojjs, has become 
barren for that kind of crop, it becomes, after one 
or more years of fallow, again fertile for the same 
plant, provided it contained originally^ besides the 
available mineral food removed, a certain amount of 
the same substances in an insoluble form, which 
have been rendered available during the fallow time, 
by ploughing and weathering* Manuring with 
green crops enables us to attain the same object in a 
shorter time. 

&9. Land, on which these necessary mineral con- 
stituents are not present in nnj form, cannot be 
rendered fertile by fallow or by plonghing. 

30. The increase of fertihty in a soil by fallowing 
and mechanical preparation, if the mineral matters 
removed in the crops he not restored to the soil^ pro- 
duces, sooner or later^ a permanent barremiess, 

31. If the soU is to retain pernmnently its 
ferfihty, the mineral constituents removed in the 
crops must be restored to it from time to time, 
at shorter or longer intervals, or, in other words, 
the original composition of the soil must be 
restored. 

Z2, Different kinds of plants require for their 

2 
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development, in some cases, the same mineral 
substances, but in unequal quantities, or in unequal 
times. Some cultivated plants must find soluble 
silica in the soil. 
. 33. When a given piece of land contains a certain 
amount of all the mineral constituents in equal 
quantity and in an available form, it becomes barren 
for any one kind of plant when, by a series of crops, 
one only of these constituents — as, for example, 
soluble silica — has been so far removed, that the 
remaining quantity is no longer sufficient for 
a crop. 

34. A second kind of plant, which does not 
require this constituent, for example, silica, may 
yield, on the same soil, after the former has ceased 
to thrive, one or a series of crops, because the other 
mineral substances necessary for it are present, — 
no longer, indeed, in the same proportion as at first, 
no longer in equal quantities, but in quantities 
sufficient for its perfect development. A third sort 
of plant may thrive on the same soil after the 
second, if the remaining mineral constituents suffice 
for a crop of it; and if, during the cultivation of 
these crops, a new quantity of the substance wanting 
for the first — for example, of soluble silica — has 
been rendered available by weathering, then, if the 
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other necessary conditions be fulfilled, the first crop 
may again be grown on the same land. 

35. On the unequal quantity and quality (solu- 
bility, &c.) of the mineral constituents, and on the 
unequal proportions in which they are required far 
the development of the different cultivated crops, 
depends the rotation of cropB^ and the varieties of 
rotation employed in different localities. 

36. The growth of a plant, its increase in mass, 
and its complete development in a given time, all 
other conditions being equal, are in proportion to 
the surface of the organs destined to absorb the 
food of the plant. The amount of the food obtain- 
able from the air depends on the number and surface 
of the leaves ; that of the food obtainable from the 
6oil depends on the number and surface of the root 
fibres, 

37. If, during the formation of the leaves and 
roots, two plants of the same kind are supplied with 
unequal amounts of food in the same time, their 
increase in mass is unequal. It is greater in that 
plant which, in that time^ received more food : its 
development is accelerated. The same inequaUty 
of increase in mass is observed, when the same food 
is supplied to both plants in equal quantity, biit in 
different conditions of Bolubilitp. 
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By supplying any plant with the due amount of 
all the atmospheric and telluric constituents neces- 
sary to its nutrition, in the required time and in the 
proper forms, its development in a given time is 
accelerated. The conditions which shorten the time 
required for its growth are the same as those which 
determine its increase in mass. 

38. Two plants, whose root fibres have an equal 
length and extent, do not thrive so well beside each 
other, or in succession, as two whose roots, being of 
unequal length, receive their food from different 
strata or depths of the soil. 

39. The nutritive substances, necessary to the 
life of a plants must act together within a given time 
if the plant is to attain its full development in that 
time. The more rapidly a plant is developed in a 
certain time, the more food it requires in that time. 
Thus, annual or summer crops require, in the same 
time, more food than perennial plants. 

40. If one of the co-operating constituents of the 
soil or of the air be absent or deficient, or do not 
possess the proper form or state, the plant is either 
not developed, or only imperfectly developed in 
its parts. 

The absence or deficiency^ or the want of available 
form, in that one constituent, renders the others 
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which are present ineffectuul^ or diminiBhes their 
efficacy* 

41, If the absent or deficient substance be added 
to the soilj or, if present, but insoluble^ be rendered 
soluble^ the other constituents are thereby rendered 

By the deficiency or absence of om necessary 
constituent, all the others being present, tlie soil is 
rendered barren for all those crops to the life of 
which thai one constituent is indispensable- The 
soil yields rich crops, if that substance be added in 
due quantity and in an aTailable form. In the case 
of soils of unknown composition, experiments with 
individual mineral manures enable us to acquire a 
knowledge of the quality of the land and the 
presence of tlie different mineral constituents* If, 
for example, phosphate of lime, given alone, is 
found efficacious, that is, if it increases the produce 
of the land, tins is a sign that that substance 
was absent, or present in too small proportion, 
whereas there was no want of tlie others. Had 
any of these other necessary substances been also 
wanting, the phosphate of lime would have had 
no effect. 

43. The efficacy of all the mineral eonBtituenU of 
the aoU taken together, in a given time, depends on 



32 



AGRICULTURAL CHEMI8THT. 



tlie co-operation of the atmosphenc constituents in 
tlie same time* 

43. The efficacy of the atmospheric constituents 
in a given time, depends on the co-operation of the 
mineral constituents in the same time ; if the latter 
be present in due proportion and in available forms, 
the development of the plants is in proportion to the 
snpplj and assimilation of their atmospheric food. 
The quantity and qnalitj {available form) of the 
mineral constituents m the soil, and the absence or 
presence of the obstacles to their efficacy {physical 
qualities of the soil), increase or diminish the 
number and bulk of the plants which may be grown 
on a given surface. The fertile soil takes up from 
the air, in the plants gi^own on it, more carbonic 
acid and ammonia than the barren one ; this 
absorption is in proportion to its fertility, and is 
only limited by the limited amount of carbonic acid 
and ammonia in the atmosphere* 

44. With equal supplies of the atmo^herlc con- 
ditions of the growth of plants, the crops are in 
direct proportion to the amount of mineral con- 
stituents suppHed in the manure. 

45. With eqiuil tellwriia conditions^ the crops are 
in proportion to the ammmt of atmospheric eon- 
stitucnts supplied by the air and the soil (including 



EFFECTS OF AMMONIA IN MANTJEE, 



33 



manure). If, to the available mineral constituents 
in the soil, ammonia and carbonic acid be added in 
the manm^e, the fertility of the soil is exalted* 

The union of the telluric and atmoBpheric con- 
ditions, and their co-operation in due quantity, 
time, and quaUty, determine the maximum of 
produce, 

46. The supply of more atmospheric food (car- 
bonic acid and ammonia, by means of ammoniaeal 
salts and humus) than the air can furnish, increases 
the efficacy of the mineral constituents present in 
the soil, in a given time. From the same surface 
there is thus obtainedj in that time, a heavier 
produce— perhaps in one year as much as in two 
without this excess of atmospheric food. 

47. In a soil rich in the mineral Jbod of plantB 
the produce cannot be increased by adding more of 
the same substances, 

48* In a sail rich in ike atmo^hefic food of 
plantBt (rendered so by maouring), the produce 
cannot be increased by adding more of the same 
substances* 

49. From land rich in the mineral constituents, 
we may obtain in one year or for a series of years, 
by the addition of ammonia alone (in its salts) or of 
Immus and ammonia, rich crops, without in any 

3 



84 AGRICULTURAL CHEMISTRY. 

way restoring the mineral substances removed in 
these crops. The duration of this fertility then 
depends on the supply, that is, the quantity and 
quality of the mineral constituents existing in the 
soil. The continued use of these manures pro- 
duces, sooner or later, an exhaustion of the soil. 

50. If, after a time, the soil is to recover its 
original fertility, the mineral substances extracted 
from it in a series of years must be again restored 
to it. If the land, in the course of ten years, has 
yielded ten crops, without restoration of the mineral 
substances removed in those crops, then we must 
restore these, in the eleventh year, in a quantity 
tenfold that of the annually removed amoimt, if 
the land is again to acquire the power of yielding a 
second time, a similar series of crops. 

The preceding fifty propositions are aU contained 
in one proposition ; namely, that the nutrition, the 
growth, and the development of a plant depend on 
the assimilation of certain bodies, which act by 
virtue of their mass or substance. This action is 
within certain limits directly proportional to the mass 
or quantity of these substances, and vftt>ersely propor- 
tional to the obstacles or to the resistance which impede 
their action. If this proposition, the truth of which 
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is beyond all doubtj be accepted, the whole of the 
above fifty jiropositioiiB may be deduced from it, 
if for the relations of quantity we substitute the 
words rich or poor, fertile or barreiij and if, for the 
action or efficacy of the substances employedj we 
use the words fertility, produce or crop, &c. 

Any one who will take the trouble to read my 
work with some attention, will readily find these 
different propositions, %\ith tlie exception of No, 14, 
to which I shall afterwai^ds return* 

With regard to the tinith of tlie views here 
developed, the good effect of animal excreta, and 
of animal and. vegetable refuse, has been known 
from time immemorial* The first observations on 
the effect of ammonia were made, I believe, by 
Sir H. Davy, (See p. 67 of my work J The study 
of the processes of the decay and putrefaction of 
animal matters, (see my memoir in the "Annalen 
der Cheniie und Physik/* vol, xxx. pp, 350 and 
839,) and my observations of the constant presence 
of ammonia in the aii^ and in rain water, led me to 
the conclusion that nature supplied to plants not 
seyeral, but only one conapound of nitrogen as food ; 
that ammonia was the only really known and 
efficient nitrogenised compound, and that all other 
nitrogenised compounds only acted in so far as they 
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are capable of yielding ammonia by their decompo- 
sition in manure or in the soil.* 

That humus, in presence of air and moisture, 
became a source of carbonic acid, was long ago 
proved by De Saussure. Strangely enough, De 
Saussure, till his death, denied the action of humus 
as a source of carbonic acid, and sought for proofs 
in favour of the so-called humus theory (" Annales 
de Ch. et de Ph.," vol. xlii., p. 675). 

To the action of humus as a source of carbonic 



♦ The extent of what was known, in 1840, concerning ammonia 
as the source of nitrogen in plants, will perhaps appear more dis- 
tinctly from a letter which M. Boussingault, an authority whom no 
one will dispute, wrote to me, dated 8th May, 1840 : 

" M. Pelonze has told me that you have found carbonate of am- 
monia in rain-water, and that you explain the useful action of 
gypsum with reference to this fact (as fixing the ammonia in the 
form of sulphate). I agree with you in this opinion ; and, more- 
over, I perceive herein the most important source of the nitrogen 
in our crops ; a source which I have in vain sought for, and which 
I oould only refer to the atmosphere generally, without being able 
to specify it more particularly/' 

Among the isolated observations of the presence of ammonia in 
the atmosphere is that of Scheele, who found that a crust of ammo- 
niacal salt formed round the mouths of bottles containing hydro- 
chloric or sulphuric acids, when put by in ordinary rooms (" Opus- 
cula," ii. 273). De Saussure observed (*' Ann. Qehlen," iv. 691), that 
sulphate of alumina, exposed to the air, passed into ammoniacal 
alum. Collard de Martigny found f'Jour. de Ch. Medicale," iii. 576) 
that diluted sulphuric acid, exposed to the air on a roof in Paris, 
after some time, contained ammonia. The experiments of Faraday, 
mentioned in my work, prove the same fact. I myself found 
('*Ann. de Ch. et de Ph." Ixv. 329) that 17 out of 77 falls of rain 
contained nitric acid, combined with ammonia and lime. 
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acid, as a solvent for phosphate of lime and earthy 
carbonates, I first drew attention in 1851 in mj 
" Chemical Letters '' (p. 625, 3rd German edition, 
note). See the 14th proposition aboTe, In I85S 
Boussingault occupied himself with the determina- 
tion of the amount of carbonic acid in the air 
contained in the pores of the solL, and found, that 
in soil recently maiim-ed, the air frequently con- 
tained four himdred times as much carbonic acid as 
the general atmosphere. 

I alluded to the solubility of phosphate of lime in 
sulphate of ammonia in my work (p. 158), Kuhl- 
mann expresses himself on this subject as follows, 
some years later (^*Coraptes Rendus/' voL xvii-, 
p. 1118 to 1130). " In order fully to appreciate the 
effect of ammoniacal salts, it is necessary to point outj 
that they promote the entrance of mineral salts 
into the plant. Phosphate of lime, phosphate of 
magnesia, and silica can by the aid of carbonate of 
ammonia become somewhat soluble and absorbable. 
Every soil contains carbonate of lime, which is 
rarely free from alkalies, and tliis, under the influ- 
ence of solar heat, wiU decompose sal ammoniac, and 
sulphate of ammonia, by which means soluble salts 
of lime, and carbonate of ammonia are produced. 
Hence the ammoniacal salts are not only the chief 
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Bource of nitrogen for plants, but also the means of 
facilitating the entrance into the vegetable organism 
of those mineral salts which are absolutely indis- 
pensable to its growth. No wonder, therefore, that 
they act so favourably." The state of solubility or 
available form in the mineral constituents, has, as I 
endeavoured to explain in my work, the greatest 
influence on their efl&cacy ; and this is, for example, 
the reason why the hard, compact, and not porous 
apatite, in equal quantity, exerts a far less- effect 
in the same time than burnt bones; and why the 
effect of the latter is so greatly increased when 
they are rendered more soluble by means of sul- 
phuric acid. 

The necessity of attending to all these conditions 
and relations, renders the determination of the value 
of any manure so difl&cult a problem as we find it 
to be ; because it may be, in a certain form, 
apparently inactive, and in another, in the highest 
degree efficacious. 

With regard to the necessity of the alkalies, the 
alkaline earths, phosphoric acid, and sulphuric acid, 
for all plants, and of silica for grain crops, we have 
already most decided and convincing proofs in the 
researches of PoUstorf, of the Prince of Salm 
Horstmar, of Magnus, of Wolf and others. No 
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ctiemist, no -vegetable physiologistj in short, no 
scientific man, who knows how to appreciate the 
logical Yahie of facts, donhts the truth of this 
doctrine. The doctrine itself, as is well known, is 
not yet old, for even so late as 1840, Dumas, iu his 
"Statique chimiq^ue des etres Organn6s/ obviously 
founding his opinions on the experiments of 
De SaussurCj regarded theii' presence in plants 
as accidental. 

In the *' Annaleii der Chcniie und Physik,** toL 
XXX vii. p* 22By I have recorded my opinion of the 
Tiawa entei^ained by Sprengel on these substances, 
and the ahare they take in vegetation. For the 
most important part of what we know concerning 
the occuirence in plants of the mineral constituents 
and their significance, indeed for all that was known 
of vegetable physiology and agricultural chemistiy 
before 1840, we are indebted to the investigations 
of De Saussnre (" Re cherches sur la Vegetation"), and 
to the work of Dav^^^ the value of both of which I 
have fully acknowledged. That which up to the 
tinie referred to had taken its place in botanical and 
agricultural works, was only a scanty abstract of 
these admii'ahle researches. The benefit derived 
from the use of wood ashes as manure has been 
longer known, for Hales (in his ** Vegetable Statics/' 
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London, 1727) enters into full details on this 
subject, nearly one hundred and thirty years ago. 

During the years 1845 to 1849, 1 made a series of 
experiments on the action of the different mineral 
manures, on a considerable scale, on a piece of land 
of about ten English acres, which I purchased with 
this object from the town of Giessen. Previous 
experiments, which I had made in my garden in the 
town, had yielded no result. Whatever I did, or 
whatever I might add to the soil, I was imable to 
trace any perceptible effect from any of my mixtures. 
The only cause which I could discover for this 
apparent want of efl&cacy was the composition of the 
soil of my garden, which, by previous cultivation 
and manuring, had become in itseK so rich in 
available mineral constituents, that the addition of 
a relatively insignificant quantity of these substances, 
became, when compared with the amount already 
present in the soil, quite inappreciable. This 
induced me to purchase the land alluded to, a sand 
pit to the east of the town, which I found to surpass 
aU others in the whole surrounding district in its 
nearly complete barrenness for the ordinary culti- 
vated crops. I do not believe that, in a whole year, 
there grew naturally on the whole ten acres as much 
grass or other fodder as would have sufficed for a 
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single sheep. The soil ia in part a light sand, in 
part it consists of more or less coarse quartz pebbles 
and thin strata of sand with soane loam. 

I filled with the natural soil a number of flower- 
pots, in which 1 sowed wheat, barley, and red 
clover, and manured each with some single mineral 
manure. In none of these did the plants get 
beyond flowering. The land therefore was of the 
quality adapted to the obj ect I had in view, 

Messrs, Schwarzenberg and Co., of Eingkuhl, near 
Casselj were so obliging as to prepare for me, m 
their soda works, according to the prescriptions I 
gave thera, a quantity of mineral manure, which was 
spread uniformly over the land, except a portion 
used as a vineyard, on which there were about two 
thousand vine stocks, each of which, on being planted, 
had a quarter of a pound of the manui^e mixed with 
the earth about its roots. On the different sub- 
divisions of the land there were sown wheat, rye, 
barley, clover, potatoes, turnips, maize, topinambonr ; 
some small lots had sawdust added to the mineral 
mannre, one had only stable manure, and another 
equal pai'ts of stable manure and mineral manure. 
With the exception of the stable manure used for these 
two lots, no ammoniacal manure, and no animal 
substance was applied to any part of the field. 
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One lot had several cart-loads of forest soil from a 
neighboxiring wood ; another had a mixture of forest 
soil and mineral manure* 

SeTeral of the most distinguislied agricultiirists of 
the district, and among tliem Herr Ton Fernhaber, 
thought that I could not succeed in growing wheat 
or cloTer on this soil; and the opinions of these 
gentlemen with regard to my enterprise are still 
fresh in my remembrance. I had calculated only 
on a very small produce in the first year, as the soil 
had never before been under cultivation ; but how- 
ever moderatcj nay poor, the harvest was, it yet 
surpassed that which I had anticipated. It was 
indispensable that some yeai^s should elapse, before 
the constituents of the manure could be rendered 
soluble^ and thus diffused throughout the soil. The 
bai'Iey was better on the lot manured with forest 
soil and mineral manure than on the other : on the 
lot wliich had been manured with sawdust and 
mineral manure, the plants were also larger and 
stronger; the lot with stable manure and mineral 
manure yielded a crop of wheat as rich as that on 
any of the best of the neighbouring fields* It 
was the effect of the sawdust, and of the organic 
matter (humus) in the forest soil, and in the stable 
manui^e, which first opened my eyes to the true 
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action of huimis and decaying organic matter in the 
soil (see Proposition 14), and my previous notions 
on tJie subject were thus corrected and enlarged. 
The crop of turnips, cloyer, and potatoes was, how- 
ever, not yet sufficient for the keep of a cot^. Only 
the rye and part of the potatoes were exported 
from the form* I shall perhaps, at a fnture time, 
return to the description of the individual observa- 
tions; and I only remark here, that, without any 
supply of manure from without, all the lots looked 
much better in the second year, and yielded a far 
higher produce. This fertility steadily increased, 
BO that, in the fourth year, the lots excited the 
admiration and wonder of all who had known the 
original state and quality of the land, 

I had an opportunity, four years after tlie com* 
mencement of my experimentSj to show my little 
fai-m to the Privy Councillor von Beckedorf, Pre- 
sident of the College of Eural Economy in Berlin, 
and to the State Councillor Eeuning, who, by his 
position in Dresden, exercises so beneficial an influ- 
ence on the agriculture of Saxony ; and I remember 
with satisfaction the lively interest which they took 
in mj expeiiments. In the year 1849, my former 
gardener, Kappes, pni^hased the land from me ; and 
this industrious man, who has not the means to 
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buy manure, farms with profit the little property, 
now in good heart. He is able, with the help of a 
small coffee and beer trade in the summer months, 
to support himself and his family on it ; he keeps 
two cows, raises annually several oxen, and has 
gained what has enabled him to increase the farm 
buildings, — and all this without ammonia or humus, 
by means of mineral manure alone. A farmer in the 
neighbourhood, Aubel, in Wiseck, wrote to me in 
1863 about the land, as follows: "With us the 
wheat crops are very poor ; but on the height (the 
land is called in Giessen Liebig's 'height') they 
have harvested from 3 fuder of rye 12 simmer; 
while I, from 3 fuder of the best rye have only 
got 5 simmer. If you were to see it, you would 
be astonished ; it is truly wonderful." 

It was only after the lapse of four years, that the 
mineral constituents added to the soil gradually 
came into action ; and the land will, as may easily 
be foreseen, retain its present fertility, if a quantity 
of these mineral constituents, equal to that con- 
tained in the crops sold off the land, be annually 
restored to it. 

The action of the several ingredients of the 
manure showed itself in a most striking manner, 
in many cases so as to excite astonishment. The 
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deficiency or excess of phosphate of lime and of the 
alkalies for root crops, of the alkaline eaiihs for 
clover, and of silicate of potash for the cereal crops, 
could be distinctly traced in their growth. The 
experimental lots were as the writing on the pages 
of a book, — intelligible even to the uninitiated. 
' I have every reason to beheTe, that by means of 
the organic refuse left on the land from the crops 
removed (stubble, roots, leaveSj &c.), in consequence 
of their decay, and of the action of the carbonic 
acid formed from their carbonaceous constituents, 
mineral food for plants was extracted from the 
original soil and rendered available, which had 
formerly been utterly without effect- 
Since the present proprietor has been in pos- 
session, the stable manure, and the excreta obtained 
from the house, especiaUy tLe liquid part of it, have 
been most carefully collected; and it is obvious 
that these substances have been used as mantire. 
These ten acres, in the crops obtained from them, 
have shown themselves to be true condensers of 
carbon and nitrogen from the atmosphere; and I 
consider myself as i>erfectly justified in concluding, 
from mj experiments, that on ordinary farms, pro- 
vided we give to the soil the proper physical quality 
and composition, there may be, by degrees, such 
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an amount of ammonia collected, or condensed, 
as to be more than sufl&cient, with the available 
mineral constituents present in the soil, to obtain 
the maximum of produce for each soil. This, of 
course, does not exclude the feasibility of attaining 
a still higher produce, if we increase the proportion 
of mineral and atmospheric constituents in the soil. 

My experiments, which cost me an outlay of 
8000 florins (about ^£670), that being the difference 
between the whole expenditure and the price 
received for the land, prove, no doubt, that the 
fertilising of barren land, if its barrenness arise 
from a deficiency of the necessary constituents, and 
not merely from a bad physical condition, renders 
necessary an expenditure wliich exceeds the price 
of an equal extent of the most fertile land. But in 
this respect, I had not deceived myself. What I 
wished to attain was well worth this sacrifice. What 
I did attain was the immoveable conviction, that a 
time must come for agriculture when it will be 
pursued as an art according to scientific principles, 
like every other manufacture, and not by mere 
recipes or traditions. 

For my part, I obtained by these experiments the 
full conviction that my doctrine included no essen- 
tial error ; and also, that if rightly applied, it would 
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sustain its character in practice, I was thus 
enabled to wait witb patience for its results, wMcL 
time aloue could develope. 

Agricultm^e is still oppressed by an influence^ 
whiebj without attracting notice^ closes the door 
against all that science can teach- This hurtful 
influence is exerted by the preBcrlbed rotution of 
crops. The fanner cannot edwajs cultivate what 
he ought to cidtivate, nor what he may paiiiculaiiy 
wish to cultivate, but is often compelled to occupy 
a great part of his land with crops; the object of 
which is, by enabling him to keep a number of 
cattle, frequently both improfitable and troublesome 
to him, to produce manure for his com crops, 
tbat is, for the growth of his saleable produce, A 
large amount of capital in the forms of soil, 
labour, and money, is wasted by these hving 
manufactories of manure. 

In our time, one problem worthy the atten- 
tion of the scientific agriculturist, is this ; to 
substitute for the rotation of crops a rotation of 
the proper manxireSj by which he shall be enabled 
to grow on each of his fields those crops, the sale 
of which, according to his locality and his special 
object, is the moat profitable to him. How vastly 
would the labours of the farmer be simplified^ if be 
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Gould succeed in growing, on the same piece of 
land, the same crop nmnterruptedlj, without injury 
to the soil ! 

In order to cany out this idea, in which Mr- 
Joshua Wahnesley, fomieiiy Mayor of Liverpool, 
and M,P., took a most lively interest, I proposed 
to the fanners of England, seven years ago, to 
unite with me for tlie institution of a series of 
experiments. Messrs. Muspratt and Co., of Liver- 
poolj readily tindertookj at a considerable sacrifice, 
the preparation of mixtures, which^ founded on the 
analyses of the ashes of plants, were calculated to 
supply one kind of crop with its necessary mineral 
constituents for a sei-ies of years. My object was 
to ascertain, whether, under tliese circumstances, 
the same crop could be uninterrnptedly grown on 
the same land, without diminishing its fertility* It 
was absolutely impossible to know beforehajid the 
actual effect of these mineral manures in a given 
time, or to determine that effect for each field or 
portion of land. In order to answer aU these 
questions, it was indispensably necessary to wait 
for the results of the experiments themselves ; and 
I was firmly resolved to caiTy out, with the aid of a 
number of farmers in different counties^ the experi- 
ments whichj at a later period, I undertook alone. 
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Every one knows the result of these experiments, 
which even at this day figure in the works of agri- 
cultural writers as an unsnccessful speculation** 
Without eyen knowing anything of the quality of 
the soils, people expected results wluch no manure 
in the world could possibly realise ; and were of 
course disappointed in thehr expectations. But I 
was the person most completely deceived; for I 
had ventured to believe that the principles which I 
had explaioed had taken root in the agricultural 
mind. My doctrinej however, had only vitality in 
the minds of the teachers ; without whom, without 
the exertions of Stoekhardt and others, the agricul- 

• Mr, A. von YeraeOj a practical fiwmier, sajfl on thi* Biibject in 
kU work, ** Nature in her Operations," Dantzic, 1854, as follows ; — 
" We do not by tliit mean to say that men of sdeuoo have tried 
to dccoivo mauMtid.'' TUs same 3£r. yon Versea, wbo gives to 
his readers bo favourable an opltiion of me, applied to me, with 
the most nimable juiivei^j requesting me to lot him have my opinion 
of its value. Such booka are all very like ouo aoother. I have 
found tu it yery many extracts from my work and from other good 
books, enough to justify the statement that it contains much that 
in good. He mighty w iih & little attention^ bay« avoidod several 
errors; one of thehe I take the liberty to correctp In p. 92, ho says, 
** Liehig ^ys in hm * Chemical Letters,' that in tho boiii^s of those 
who undergo much mental labour there is always found less 
phosphorus than in those of others who use only their physical 
forcej fiioca phof^phorus Is consumed in the act of thmking. He 
thi^kSj in sboH, that without phosphorus there can be no thought." 
Now, it happens that the honour of the discovery that pbospboms 
eiists in tho brain belongs not to me, but to Dr. Moleschott, and 
I have stated in my '* Chemical Letters,^' p. 553, that this disco very 
is erroneous, and supported by no facia whatever. 

n 
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turists would have been as helpless as before. That 
which most fanners call doctrine revolves among the 
obscure notions of crops which enrich^ or spare, or 
exhaust, or corrode the soil. I know not whether, 
and to what extent we might have come nearer to 
the scientific object of our search, which is perhaps 
unattainable, and cannot, from local circumstances, 
at all events be equally within reach of all ; but the 
importance of the doctrine itself, the perfect cer- 
tainty we should have acquired concerning the 
effect of the individual constituents of manures, 
according to their form and quality, and concerning 
the necessary variations of them to meet the special 
geological and climatic conditions of each locality, 
— these things cannot be over-estimated. Of the 
large sums annually collected by agricultural asso- 
ciations, and which, in a majority of cases, are 
expended entirely without fixed or determinable 
results ; of these large sums, if only a small part, 
during tlie last ten years, had been devoted to well- 
devised experiments in the direction I have indi- 
cated, we might now be a great way nearer to our 
object than we are. 

When we reflect, that the sugar-works in Wag- 
hatisel alone bring into the market yearly 600,000 lbs. 
of salts of potash, the whole of which comes from 
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tlie land of the beet-root gi^owers of Baden, and 
tliat nothing is done to restore these salts to the 
soil; that in the noiih of Germany, yeai" after year, 
with the aid of guano, an enormous mass of potatoes 
is grown, solely for the manufacture of spirits, and 
that, except the constituents of the guano, none of 
the other mineral constituents of the potatoes are 
returned to the land, we can have no douht as to 
the ultimate condition to which these districts must 
sooner or later come. The stock of these other 
constituents in the soil may he very large, hut large 
as it is, it is yet exhaustihle, 

I feel and know, that merely to know a thing is 
not enough to secure that we doit; and that only 
a new generation is fitted to promote the real 
progi*ess of a science. After a few decades, matters 
^rill be otherwise* The old, deei)ly*rooted errors 
always act as obstacles, which are stronger and more 
poweifnl than a new truth. That which a man 
seeks, he can ultimately find only on one road, and 
that the true one ; and if he obstinately follows 
another path, which must be a wrong one, how can 
he hope to reach the goal ? 

Let tlie able and excellent teachers of agricultural 
chemistry keep up the courage necessaiy to ultimate 
success* For man, in reference to mental food, is 

D 2 
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exactly like a plant : as the plant must recewe it^ 
food, not concentrated but infinitely diluted with 
water, if it is to tlmve, — so it is with the mind of 
mBJi. An abstract truth only acts upon the senses 
and feeUngs when it is presented to them properly 
diluted, turned on every side, and inside ont^ dressed, 
adorned, painted, aad finally it resembles tlie germi- 
nating seed of a tree which the wind or a bird has 
carried into a cleft of tlie rock* There lies in it, 
as in the seed, a wonderful organic force, which 
gradually conquers all obstacles, as the roots of the 
seed when it has become a tree can cleave or raise 
the heaviest rock, and, as tlie old proverb says, 
"aU without noise j for that which grows makes 
no noise." 

After the publication of the last edition of my 
book, I had devoted myself, in the years 1846 to 
1850, to researches in animal and physiological 
chemistry^ on the nitrogenised constituents of 
plants, on flesh, on the causes of the motion of the 
juices in plants and animals, the results of which 
have since appeared. These labours so completely 
absorbed my time, that I bad entirely lost sight of 
agriculture ; and although Mr, Lawes regularly sent 
me his experiments, I took no notice of them, nor 
of others of a similar tendency. I contented myself 



ILEMOIEB OP ME. LAWES, 



&3 



with saying a few words on ihe subject in a new 
edition of my chemical letters, and thought I had 
done what was necessary* But in 1851 a new 
memoir by Mr* Lawes appeared, in which he returns 
to his earlier experiments, and maintains the justice 
of his eonclusionSj although now in a very limited 
sense. Now since I find tiiat his results and 
opinions hiiTe passed into German works on agii- 
culture, and I wish to avoid every kind of contro- 
versy in my work on '^Agricultural Chemistry/' when 
I should have to prepare a new edition of it, I have 
thought it beat, to consider the experiments and 
conclusions of Mr. Lawes in this Journal.* 

The memoirs of Mr. Lawes, to which I now refer, 
appeared in the Journal of tlie Boyal Agricultural 
Society of England, vol. viii* part Lj and vol. xii. 
part i* He says, in the latter volume, p. 2, " In the 
course of this inquiry, the whole tenor of our result 
has forced upon us opinions different from those 
of Professor Liebig on some important points ; and 
more especially in relation to his so-called Mineral 
Theory, which is embodied in the following sentence, 
to be found at page 3311 of the third edition of his 
work on * Agricultural Chemistry,' where he says, 
* The crops on a field diminish or increase in exact 
* Zeitacluift fUr LandwirthBchaft, YI. Johrgong, 
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proportion to the dimmution or increase of the 
mineral substances conveyed to it in manure/ ** 

This last sentence, which is said to embody my 
so-called Mineral Theory, has been detached from 
its natural connection with a series of sentences, and 
in my work it has, therefore^ a meaning quite dif- 
ferent from that attached to it by Mr, Lawes* These 
sentences are as follows ; (p. 210, fourth edition,) 
" Hence it is quite ccrtainj that in our fields, the 
amount of nitrogen in the crops is not at all in 
proportion to the quantity supplied in the manure, 
that we cannot augment the fertility of our fields 
by supplying them with manures rich in nitrogen, 
or with ammoniaeal salts alone* The crops on a 
field diminish or increase in exact proportion to the 
diminution or increase of the mineral substances 
conveyed to it in the manure**' 

It appears, as the reader will soon perceive, 
that Mr. Lawes, in the earlier years of his experi- 
mental inquiry, had before him only Uiis last 
sentence, and it would seem that at that time he 
was not acquaiuted with any other sentence in my 
book ; and as for this one sentence, he has entii^ely 
misapprehended it 

In the sentences just quoted from my book, the 
produce of the land is compared with the proportion 
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of nitrogenous matter, inclusive of mineral sub- 
stances, supplied in ike manure, and with the 
amount of mmeral constituents, inclusive of nitro- 
genous substances, supplied in the manure* 

The words *' % wimnonimal salU alone " and " in 
the manure** show that I never thought of excluding 
carbonic acid and ammonia in the manure. Accord- 
ing to Mr. Lawes^a mistaken notion of my mean- 
ing, I ought to have said, omitting the word vmnwre^ 
that ** an tlie contrary tJm fertUity of the land rises 
and falls with the amount of the mmeral substances 
mpplled to if' But this I have not said. 

The meaning of these sentences in my work is 
this ; " that ammoniaeal salts almie have 7io effect ; 
Umt, in order to be e^cacious^ they mitst be accam- 
panted bp the mineral cojistU^ients^ and that the effect 
is then proportional to the supply — not of amffionia^ 
but of the mineral substances. 

The following diagram will explain my meaning : 
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Mr. Lawes, from his experiments on wheat, draws 
the conclusion — 

1. That the mineral constituents of wheat cannot 
by themselves increase the fertility of land. 

2. That the produce, in grain and straw, is rather 
proportional to the supply of ammxmia. 

An examination of his experiments will, I believe, 
convey to the reader the full conviction that his 
experiments not only contradict these assertions, 
but are also the strictest and most satisfactory proofs 
in favour of the opinion which I expressed in the 
sentences above quoted, and which Mr. Lawes thinks 
he has disproved. 

He endeavours to prove the first of his conclusions, 
namely, "that the produce in grain and straw is not 
proportional to the quantity of the mineral sub- 
stances supplied " by the following experiments : — 

The wheat field which was used for these ex- 
periments extended to 14 acres. It was divided 
into a number of equal portions, of which one was 
left unmanured; one was manured annually with 
14 tons of stable manure ; and the rest with different 
kinds and' different quantities or artificial manures. 
(Vol. viii. pp. 19, 31, 24.) 

The result of seven years' experiments was, 
■that the lot manured with stable n^anure yielded 
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a produce one half liigher than that of the 
unmantired lot ; but that on the lots manured with 
the most varied mixtures of bone earth, bones 
with sulphuric ftcid, phosphate of magnesia, phos- 
phate of soda, phosphate of i>otash, and silicate 
of potash, the produce did not perceptibly exceed 
that of the unmanured lot. Liehig's mineral 
manure alone was in some degree superior to the 
rest ; for the lot manured with it yielded 184 pounds 
of grain and 221 pounds of straw more than the 
unmanured one; a result which Mr, Lawes is in- 
cliued to ascribe to the presence of a small quantity of 
ammonia in ibis manure, which ammonia, he says, he 
distinctly perceived hy its smell. If now we inquire 
into the cause of the ineffieacy of the mineral ma- 
nures, the answer, which it is incomprehensible how 
Mr. Lawes should have failed to see» is at once and 
easily obtained by a consideration of the crops yielded 
by the unmanured land. This lot yielded, per acre 
(vol- xii* p, 16); 
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These numbers, which express the produce of 
grain and straw obtained without any manure for 
seven successive years in the same field, show 
plainly that the soil was naturally so rich in avail- 
able mineral constituents, of the kinds required by 
plants, that manuring with 4 cwt. of mineral manure 
per acre, a quantity which, spread over the ground 
and mixed with the soil to the depth of 12 inches, 
gives one grain to 20 cubic inches of soil, could 
most certainly produce no effect, or, at the utmost, 
a very trifling one. For, in the first year, the soil 
contained seven times, or about 85 per cent more of 
these substances than was required, for one crop. 
Mr. Lawes himself says (vol. xii. p. 23): "It is 
a remarkable fact that, from Plot 3 of this pre- 
viously unusually corn-exhausted soil, we have 
carried from the land seven successive crops of 
wheat grain and of straw, without any manure 
whatever, and that under this treatment there are 
at present no signs of diminished fertility, for 
the average of the seven seasons collectively is 
about 17 J bushels of dressed com, and about 
16 cwt. of straw. Thus the results of Plot 10a 
are alone sufficient to show, that whatever the 
deprivation by the previous cropping, the soil 
still contained, relatively to the ammonia available 
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from natural sources, an excess of the necessary 
mineral constituents.'' 

lo order to appreciate properly the mistake com* 
mitted bj Mr. LaweSj we must recal to recollection 
the quality of his unniwnwred land. This land in 
ie seventh year yielded a crop, which exceeded by 
r? lbs. of grain and 593 lbs. of straw that of the first 
year. Without risk of error we may assume that it 
would have yielded, without any manure, seven 
more such crops ; perhaps twice this numberi 

Supposing, then, that it contained a supply of 
mineral constituents, sufficient for fourteen crops in 
allj then the manuiing of this lot with a quantity of 
the constituents of the ashes of such crops, equal tu 
the mineral constituents of one crop, would, at the 
utmost, have increased the produce by Trth ; that 
is, by about 80 lbs, of grain and 126 lbs. of straw. 
This is the maximum of increase which Mi\ Lawes 
could have expected to obtain from this land by the 
use of mineral manure. 

Mr* Lawes then, as appears from these passages^ 
chose for his experiments a portion of land wliich, 
on account of its being so rich in available m in eral 
constituents, and of its other qualities, was utterly 
unsiuted to his puipose, and winch ought to have 
been unhesitatingly rejected, if the object was to 
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test the value of the mineral food of plants. And 
since the mineral manure, in these circumstances, 
could not possibly have the effect expected by 
Mr. Lawes, his conclusions are destitute of all 
foundation in logic or in facts* 

The following passage wMch succeeds that above 
quoted, may serve as a remarkable instance of the 
traiu of thought and reasoning of Mr, Lawes on the 
snbject of agricultural chemistry (xii, p. 23) : '' But 
we must not be understood to say that all soils mU 
yield continuously 17 J bushels of grain and 16 cwts- 
of straw per acre, mthout manui^e ; on the contraiy, 
we know full well that they will not, and that what are 
termed light soils^ but which, under high cultivation, 
give good crops of wheat, would give but a small 
proportion of this quantity. That the heavier ones 
do possess a native fertility beyond what might at 
first be supposed, there ean be little doubt ; were it 
not soj we should find it difficult to explain how 
those who sell off their land almost all its produce 
without return J are enabled to live and pay their 
rent. But what we say is, that by the ordinary 
methods of practical agriculture, by which any soils 
are made to yield a fair produce of grain and meat 
only for sale, their characteristic exhaustion, as 
grain producers, will be that of Nitrogen^ and that 
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the mineral constituenta will under this course, 
relatively to nitrogen^ be in excess." 

Wien these sentences are translated into the 
language of science^ it appears that Mr, Lawes 
means that he does not intend to say that all soils 
can yield unceasingly mthout manures ^ every crop 
n^5 lbs. wheat and 1750 lbs. straw; that, on the 
coBtrary, he Imows certain soilsj those called light 
soils, that is, poor in available mineral constituents, 
which, if very well manured, yield good crops, but if 
not manured, ai'e very soon exhausted by com crops ; 
hut that there are other soils, called heavy soils, bo rich 
in mineral constituents, that, without any manure, 
they are not to be exhausted by the cultivation of 
com (?), A\Tiat he means to say is this ; that if we 
take from land in the form of produce only grain and 
meat, which is sold off the land, and if we restore to the 
Boil by good manuring, all that has been extracted 
from it of mineral constituents in the produce Bold, 
then the loss consists only of Nitrogen, and the 
mineral constituents, in reference to the nitrogen^ 
continue in excess. 

Thai is to say^ if we BubBtantialli^ remove from the 
toil only Nitrogen^ the mineral con&titmnt& rmmin 
hefdndj and if the soil originally contained an excess 
of the&e^ this excess contifims / 
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These are certainlj tintJis wMch no one will feel 
disposed to contest. 

It is a matter of undoubted and indubitable 
experience, that land, of whatever quality, does not 
retain its capacity of yielding good crops of the same 
plant for an infinite series of years ; but tbatj at the 
end of a limited number of yearsj the plant no 
longer thrives on the same soil. 

We know, with the utmost certainty, that the 
canse of this loss of fertility must be looked for in a 
change of the quality of the laud ; and that it is 
determined by the removal in the crops of a number 
of mineral substances ; for, of all the conditions 
which ensure feiiiUty in a soil, these alone have 
undergone any change ; all other conditions remain 
as before* From this, if cleai4y perceived, it 
follows unavoidably, that the regular restoration of 
those constituents of the soil which are removed in 
the crops must sustain permanently the fertility of 
the land. And thus, while the land, after an 
indefinite series of years, would have become 
exhausted or unfruitful, it would have continued to 
be fertile for an indefinite series of years, if the 
mineral substances removed in the crops had been 
annually replaced. 

What principles, then, ought to guide us in the 
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supposed case, in which it is assumed that all the 
produce is sold off the land, and that the loiiieral 
canstituents of that produce are to be restored to 
the soil in the form of mineral manure ? Shall we 
do as Mr. Lawes did, who, in order to test the action 
of mineral manm'e, and to hit the right point, gave 
to one lot (vol, viii. p. 243) 770 lbs, of phosphate of 
lime and soda; to another, 675 lbs* of phosphate of 
lime and magnesia ; to a third, 725 lbs. of phosphate 
of lime and potash ; to a fourth, 560 lbs. of phos- 
phate of lime, and 220 lbs. of silicttte of potash ; to 
a fifth, 350 lbs. of phosphate of lime, ^10 lbs, of 
phosphate of magnesia, and 162 J lbs* of phosphate 
of soda, &c. ; aU of these being mixtures made 
without any understanding of the case, and without 
reflection, as if they had been determined by mere 
chance ? * 

Truly, in such cases, there is no other guide but 
logic, that is, sound common sense, which teUs us, 

To give to the land what ice have removed frmti it, 
neither fiwre nor less. Of course, this is on the 
assumption that the land is to retain it^ original 
fertility only, not to be rendered more fertile than 

• With referei]ce to the ideutifio principles by which Mr. Lawes 
m guided, it is worthy of tiotica, that in the year I8i7 he manured 
& whtAt field with 20 cwt. of rice^ imd a field of tui-nips with 160 
Ibfi. of phoephat^ of lime and 5 ewt. of train oil 
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before. In iJie latter case, the problem takes a 
different form. 

How and by what meaBS are we to do this ? 
Wheat requires soluble silica or soluble silicates, 
phosphate of potash, a very little phosphate of lime 
and magnesia, with iron and sulphuric acid. The 
aUcaline phosphates (those of potash, soda, and 
ammonia) are very soluble in water, as is also 
silicate of potash. The earthy phosphates (of lime 
and magnesia) and iron are insoluble in water. 
"When all are applied to the land together, the first 
fall of rain effects a separation; the soluble salts 
are carried down in solutionj for the most part out 
of reach of the plant, while the insoluble salts 
remain on the surface. What, now, is the case in 
stable manure ? All the salts, except those dis- 
solved in the urine, are in combination with 
organic matter, and are not separable from the 
BoUd parts by Uxiyiation with pure water, or water 
acidulated with carbonic acid. It is only when the 
organic matter decays, that these salts gradually 
become free and soluble in their proper solvents* 
It ia obvious that, above all things, we must 
endeavour to give to the mineral substances which 
we add to the land such a form that they all possess 
neaily an equal degree of solubihty, so that the 
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ram may not separate thera. Phosphate of lime, 
ignited with carbonate of potash, yields a compoimd 
ill which the alkali loses in great part its solubility; 
hut it dissolves entirely^ though sparingly, in i^ater 
a<:.idnlated with carbonic acid. Silicate of potash, 
by increasing the proportion of silica, may be 
obtained of all diflferent degrees of solubility^ In a 
mixture of clay (decayed felspar) with slaked lime, 
left moist for some months, for example, in a pit 
dug in the ground, the silica becomes soluble. 
Sulphuric acidj so necessary as a source of sulphur, 
is given in the form of gypsum (sulphate of lime), 
and no soil is free from iron. 

Mixtures, apphed to the land ia this form, must 
have the same action as belongs to the ingi^edienta 
in their natural state ; the only difference will be ib 
the time required. All these substances are more 
or leas soluble in rain water^ and still more soluble 
in water containing a larger proportion of carbonic 
acid* Their full effect is obtained when they hava 
become soluble in the comrse of an agricnltural 
year; of com*se, if they are dissolved, and thus 
rendered available to the plants only in the course 
of two years, only half of them acts in any one 
year. In this case, the effect of such mixtures 
would be comparatively small in the first year 
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of their application; in the second year, after a 
new flppHcation, tlie result would be more favour- 
able ; after a third, still better, and so forth. It is 
necessary, if we would investigate the subject pro- 
perly, to prepare, from the first, a whole series of 
mixtures of different solubility, and to try the action 
of each of these by itself on the same land. We 
should thus, after a year or twOj easily discover 
which of them answered the purpose best ; and the 
best mixtm*e would be that which produced its full 
effect in one agricultural year. 

Simultaneously with these experiments, others 
should be made with mineral manure in the liquid 
form, the ingi^edients of which are therefore entirely 
dissolved. There are many silicates, which dissolve 
in diluted sulphuric acid, or jield to that acid abun- 
dance of silicate of lime and alkaUes* Even now 
phosphate of lime is very generally applied to the 
land in this form, at least in England* Hence, tke 
gmne sulphiiric acid might containj at the same tlme^ 
golubk silica^ phosphate of lime and alkalies ; and it is 
a question, whether this form of application be not 
preferable to all others. Of the natural silicates, pa- 
lago7iite is remarkable for its great solubihty in acids, 
and it requires but a relatively small quantity of 
this mineral to restore, to a soil on which wheat 



WA^T OP SYSTEMATIC RESEARCHES. 



67 



has been grown, the soluble silica whieli had been 
removed in the crops. 

By a limited series of such experiments, the posi- 
tion of agriculture would eoon be made very diflerent 
from what it is ; for it would be easy to make further 
progreasj if we started from an accurate knowledge 
of the action of the different mineral constituents^ 
and of their most advantageous form. I am very 
far from supposing that the farmer should not ubCj 
tliat is, apply to his land, any of the refuse of his 
crops, such as chaff, straw, stubble, and the like^ 
which he has, and which may be unsaleable, although 
containing valuable constituents. That is not the 
question here ; for the question which now occupies 
us is a pm-ely theoretical one. The farmer must 
acquire the conviction, that farm*yard maniure, the 
universal manure, and each of its ingi^edientSj may 
be replaced by equivalent substances of like com- 
position and form ; and he can only acquire this con- 
viction by ascertaining the effect of mixtm'es in 
which farm*yard manure, and all connected with it, 
are entirely excluded. He is then free, if he think 
fit, either to renounce altogether the use of farm* 
yard manure, or to make up the deficiencies of the 
different available kinds of refuse from Ms crops, the 
composition of which he has ascertained, by means 
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of mineral manure* He must be enabled to supply 

to each mdiTidual field, in approstimatively just 

proportion, and of a proper quality or form, all the 

necessary constituents corresponding to, or required 

by, the peculiar crop which he wishes to raise. It 

is only when this point has been attained that 

the agriculturist is free from all constraint, and 

becomes master of tliose forces wliich ai'e within 

his reachj and are applicable to the raising of his 

produce. 

If we compare the produce of the unraanured land 

in Mr, Lawes*s experiments, in different years, we 

observe a considerable difierence. He obtained 

In the 2nd year, iSiB, lUl lbs. grain and 2712 IbB. atraw. 
In tie lat year, 1844, 025 „ 1120 „ 

consequently in the second year 516 lbs. and 1592 lbs, 
more than in the first, although the land, of course, 
was richer in mineral constituentB in the first year 
than in the second. 

If we ask for the cause of this inequality of pro- 
duce, it cannot be found in a greater amount of 
carbonic acid and ammonia in the air, produced in 
the second year by unknown causes* The true expla- 
nation must inevitably be sought for in some causes 
which, in the period of growth of 1845, rendered 
soluble and efficient a larger amoimt of mineral 
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conatititents in tlie same time, than in 1B44* Had 
tliese constituents not been present in the soil, an 
increased supply of carbonic acid and ammonia from 
the air could not have had any effect on the crop. 
But as we cannot suppose that the mineral oonsti- 
tueuts of the same land yary in their solubility in 
different years, from unknown causes^ — that in one 
year they are more soluble than in another, — ^we can 
only point, as the probable causes of the observed 
variation, to the unequal amount of rain which 
fell in the two years, and to the temperature of 
the years. These causes determine the amount 
of water which enters the plant, and evaporates 
from it. 

If, in the year 1844, a certain amount of rain fell 
on the land, and thus a certain amount of mineral 
constituents was rendered available for the plant; 
and if, in 1845, there fell, at the favourable season, 
one-half more rain, this obviously dissolved one- 
half more of mineral constituents. Had these not 
been dissolved, they could not have entered the 
plant, and been there employed ; that is to say, 
without their aid the crop of 1845 could not have 
increased by one-half. 

That to whichj in these remarks, I wish parti- 
eulaj'ly to direct the attention of farmers, is the 
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fact that, in this striking case, the produce of the 
land in grain and straw, and therefore in nitro- 
genised matters, was much increased, without the 
smallest addition of nitrogenous manure, for the 
land received no manure whatever ; and solely from 
the increase in the amount of the mineral consti- 
tuents, present in the soil, dissolved in the same 
time. 

A larger quantity of these mineral substances 
became active in the same time, and the surface of 
the land was thus enabled, by the plants growing 
on it, to absorb from the air one-half more carbonic 
acid and ammonia than in the preceding year. 

Had Mr. Lawes left one-half of the land without 
any manure, while he supplied the other half with 
mineral bodies in exact proportion to those which 
had been removed, and if he had grown wheat on 
both halves, it is probable that, after a series of 
years, the following state of matters would have 
occurred. 

The produce of the unmanured half would have 
annually diminished, while that of the other would 
have continued as it was at first. I regard it as 
even probable, that the manured half would have 
increased in its produce, because, by cultivation, a 
small amount of the insoluble mineral matters in 
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the soil would have been annually rendered soluble, 
and therefore added to the soluble matters present. 
Mr. Lawes could not ascertain^ m the crops which 
he obtainedj that the mineral manures had not 
acted on hia experiments; and, as I shall show, 
trom. his latest memoir (vol. xii. p. 39), he seems 
never to have entertained the opinion, that these 
mineral manures do not act at all* I do not^ 
therefore, feel farther called on to defend the so* 
called Mineral Theory in the proposition which he 
has misapprehended. I still venture to believe, 
however this may surprise Mr. Lawes (vol. xii. p. 2), 
that this theory is incontestably true ; and that in 
its estabUshment and development are included the 
progress and the whole future of agriculture. 

If we ask for the other means, which experience 
and science afford, of raising to a maximum the 
produce of a soil which contains all the necessary 
mineral constituents in excess, — as, for example, 
that of Mr. Lawes*s fields, — that is, to render the 
soil capable of yiehling richer crops, a higher 
produce of grain and straw, the answer is easy. 
I shall, with reference to this question, allow my 
hook to speak ; and I consider it fortunate that Mr, 
Lawes has not consulted nor read it, because we 
should otherwise have been deprived of a whole 
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series of instructive experiments. I quote from the 
4th English edition : — 

P. 169, it is said: "A fertile soil must contain 
in sufficient quantity, and in a form adapted for 
assimilation, all the inorganic materials indispen* 
sable for the growth of plants." 

P. 211. "Ammonia accelerates and favours the 
growth of plants in all kinds of soils, in which exist 
the conditions for its assimilation." 

P. 148. "But, independently of these views, a 
rational farmer must endeavour to effect the purpose 
desired, and in doing so he must act exactly as if 
the presence of the inorganic constituents of blood 
(the alkalies and phosphates) were indispensable for 
the production of the organic constituents. If he is 
desirous of making his land yield a maximum of 
blood and flesh, he must furnish to it in abundant 
quantity those constituents which the atmosphere 
cannot yield" 

P. 167. " If we desire to produce from a given 
surface more of these constituents of the blood, than 
the plants growing on it could receive from the 
atmosphere or from the soil in their natural wild 
and normal condition, we must procure an artificial 
atmosphere^ and we must add to the soil the 
ingredients in which it is deficient." 
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P. 168. ** The food contained in the atmosphen 
does not stiffice to enable these plants to obtain their 
m(u:immn of size in the short period of their life. 
If the object of culture ia to be attained, there must 
be present in the soil itseK an (wtijieial atmosphere 
of carbonic acid and ammonia, and this excess of 
nourishment which the leaves cannot get, must be 
conveyed to corresponding organs existing in the 
soil." 

P. 177. "It ia certainly the case that w^ could 
dispense mth the excrements of men and animals, 
if we were able to obtain fi^om other soui'cea the 
ingredients on which depends all their value for 
agricultiu-e. It is a matter of no consequence 
whether we obtain ammonia in the form of urine, 
or in that of a salt from the products of the dis- 
tillation of coal ; or whether we obtain phosphate of 
Ume in the form of bones, or as the mineral apatite. 
The principal object of agricultxii^e is to restore to 
our land the substances removed firom it, li" the 
restoration be imperfect, the fertility of our fields 
is impaired ; but if, on the contrary, we add more 
than we take away, the fertility will increase. The 
importation of ui'ine, or of BoHd excrements from a 
foreign land, is quite equivalent to the importa- 
tion of corn and cattle; but these matters* in a 
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certain time, assume the form of com, flesh and 
bones." 

P. 53. '* This ammonia is imbibed by the soil 
either in solution in water, or in the gaseous form, 
and plants thus receive a larger supply of nitrogen 
than is afforded to them by the atmosphere." 

The advantage of this artificial supply of am- 
monia, as a source of nitrogen, is limited, like that 
derived from the presence of humus in the soil, to a 
gain of time. 

P. 134. " If we furnish to the soil, (which contain^ 
already all the other constituents) ammonia, and to 
the cereals the phosphates essential to their growth, 
in the event of their being deficient, we furnish all 
conditions necessary for a rich crop, as the atmo- 
sphere forms an inexhaustible magazine of carbonic 
acid." 

These quotations from my work leave not the 
slightest doubt as to the opinions entertained by 
myself, the author of the so-called Mineral Theory, 
as to the means of exalting the fertility of land, the 
soil of which is of a proper quality. 

Mr. Lawes gave to the experimental Lot 10a, in 
the first year, 5 cwt. of bones dissolved in sulphuric 
acid, and 2 cwt. of silicated alkalies ; in the following 
years only ammoniacal salts. 
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TEAB. MANURB. CROP* 

Graia. Straw. 

^■^«"- {san^S^}^"^- 1008 lb«. 1112 lb. 

2. 1846, 336 lbs. Am. Salts. 1930 „ 4200 „ 

S. 1846. 224 „ I860 „ 2244 „ 

4. 1847. 300 „ 1702 „ 2801 „ 

5, 1848. 300 „ 1334 „ S867 „ 
a 1849, 400 „ 2141 „ 2864 „ 
7, 1850. 400 „ 1721 „ 3039 „ 



Average crop m 7 yeara . . , , 
Average crop of unmaDured lot In 7 ye^rs 



1670 
1125 



2639 
1760 



Average e:seesa of matnired lot . . 551 f, 933 „ 

]Mr. Lawes, acting under the erroneous impression 
that my views as to the conditions of fertility in 
land were embodied in one sentence of my workj 
consisting of only three lineSj regards these results 
as irreconcilable with my doctrines^ because, in the 
case before us, the crops were augmented dming 
ft series of years by the use of ammoniacal salts 
alone without any mineral constituents having been 
added to the soil, and thatj to the extent of one 
half more than on the same quality of land 
unmanured. 

In that work of mine I have fully explained tliat 
the idea of feiiilitj in a soil, essentially comprises 
that of the continimnce or duration of the crops. 
No one regards as fertile land such as, without 
manure, bears good crops for a year or two, and no 
more. In this point of view, the fertility of a soil 
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is in direct proportion to the conditions of fertility 
present in it; that is, io the mineral substances 
which are necessary for the nutrition of plants. 

But the quantity or amount of produce is in pro- 
portion to two factors, namely, the atmospheric 
food of plants, and their terrestrial or mineral food. 
This quantity depends on the presence of both, and 
on their co-operation in due proportion, and in the 
proper time. 

If the amoimt of one of these factors — ^the mineral 
food of plants — be increased, while that of the other 
— the carbonic acid and ammonia, which can be con- 
veyed to the plants by means of the atmosphere — ■ 
remain unchanged, the amount of carbonised and 
nitrogenised produce cannot thereby increase ; but 
the crops, in this case, will vary with the absorbing 
or active surface of the plants cultivated on the land. 

Now, since the air contains a very limited amount 
of carbonic acid and ammonia, for 2500 volumes 
(cubic feet, miles, &c.) of air contain only one volume 
of carbonic acid, and a far smaller proportion of am- 
monia, the quantity of atmospheric food conveyed 
to the plants essentially depends on the change of 
the strata of air in contact with the plants. The 
air which has yielded up and lost its carbonic acid 
and ammonia must be replaced by fresh air, if a 
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Farther absorption of these eonstltuenta is to take 
place. This change of air demands a certain time. 
It is obvious thatj if we could douhle or treble the 
proportion of carbonic acid and ammonia in the air, 
the plants wouldj in the same circumstaneeSj take 
up twice or thiice as mnch carbonic acid and am- 
monia in the same time^ or as much as they could 
do in the normal condition in twice or thrice the 
time. In like manner a double or treble quantity 
of the mineral food of plants muatj in the supposed 
caaej come into action; for, as these form part of 
the vegetable organism, an increase in the mass of 
the plant, and of course in its parts, ia not con- 
ceivable without these mineral substances. By this 
co-operation, therefore, of the atmospheric with the 
mineral food, the crop will be doubled or trebled. 
The dumtion of fertility^ or the crops obtainable in 
a series of years, are determined by the Bimi of the 
mineral constituents present in the soil, and in a 
state adapted to assimilation. 

But the weight or amount of the crops is in pro- 
portion to the quantity of the food of both kinds, 
atmospheric and mineral, which is present in the 
soil, or conveyed to it in the same time. By 
manurhig with ammoniacal salts a soil rich in avail* 
able mineral constituents, the crops are augmented 
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in the same way as they would have been if we had 
increased the proportion of ammonia in the air. 

This ip the meaning of the passages above quoted 
from my work, which tell the agriculturist that, in 
order to raise the produce of his land above a 
certain point, in the case of such plants as have not 
many leaves — for example, of wheat — he must add 
ammonia in the manure. 

In these circumstances, the attainment of a higher 
produce essentially depends on the condition that 
there be no want of available mineral constituents 
in the soil. When these last are present in excess, 
as is the case in very rich soils, it is quite un- 
necessary, indeed superfluous, to add them. 

In such fertile soils, rich in available mineral food 
for plants, the restoration of the mineral constituents 
removed in the crops does not augment the produce, 
but secures their duration in a series of years. 

Mr. Lawes has shown, in the most convincing 
manner, that in his land the mineral constituents of 
wheat were present in the greatest abundance and 
in an available form ; and no one but Mr. Lawes 
himself can be surprised that, under such circum- 
stances, by manuring with ammoniacal salts only, 
without any addition of mineral matter, he obtained 
during six years a higher produce than from the 
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same land unmauured ; for tiieoiy plaiBly predicts 
such a result. 

It is not easy to understand how Mr, Lawes could 
deduce from bis results the eonclusionj " that nitro' 
genised vtanures are peculiarly ada/pted for the 
culture of wheat" Bince such manures can only 
produce a favourable result if certain preliminary 
conditions, which Mr* Law^es has entirely disre- 
garded, be fulfilled* There could hardly be made 
an assertion better calculated to mislead the 
practical farmer. I had myself, in the first edition 
of my work, attributed to ammonia a preponderating 
value and importance, aitd I thought I had 
sufficiently corrected this error in the subsequent 
editions. 

Had Mr, Lawes asserted, that on his land^ in the 
given circumstances , ammonia and ammoniacal salts 
were found to he peculiaily favourable to the growth 
of wheat; and thatj leaving the price out of view, 
these salts, under similar circumstances, formed the 
best manure, he would simply have confirmed a 
result predicted by theory. But even if his asser- 
tion had been given as an entirely new discoveiy, 
there could have been nothing urged against it. 

If, however, we extend hla conclusions to any 
other land of different qualitff, and placed in 
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different preliminary conditions^ it will appear 
entirely erroneom ; for it can be provedj in the same 
way, and by facts equally decisive, that ammoniacal 
salts alone, m thousands of wheat fields, do not in 
the smallest degree increase the produce ; and that, 
in thousands of other such fields, these salts do 
increase the produce for a year, or for two years, 
and that then a farther application of them 
to the same land is found to be utterly without 
effect. 

The case now before na^ which has led Mr. Lawes 
to the opinion, that the practical experience of 
agriculture is in contradiction to theory, is well 
adapted to show what are the points to be specially 
attended to in making agricultural experiments* 
To say that nitrogenised manures ha?e a peculiaidy 
faTOurable effect in the eultiyation of wheat, is 
simply the expression of a phenomenon observed in 
a certain case, but the cause of which has not been 
further explored. The assertion is merely tlie fact 
itself, and teaches or explains nothing, because it 
has not been connected with, or referred to, 
scientific principles. Such a fact or assertion, 
unexplained, is an unknown quantity, = 3^ ; and 
the object of mperunsnt must always he to convert an 
unknown into a known quantity. Innumerable 
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agricultural facts are so mauy examples of :r, but 
thousands of unknown quantities will never make 
one that is known. 

It is evidentj from Mr. Lawes's experiments^ that, 
by the use of ammoniacal salts as manure, supposing 
here thai their action depends on the ammonia as a 
source of nitrogen alone (a supposition which I 
shall consider farther on)j the action of the mineral 
constituents present in the soil, and available, is 
accelerated in the time of the experiment 

If we suppose the whole amount of the available 
mineral matters required by wheat in the soil of one 
acre to be = 12^ and to sufi&ce for twelve successive 
annual harvests of grain and straw, we ehall have, 
on the supposed acre, in twelve years, twelve crops, 
withQUt the tise of mineral manure^ and without the 
me of ammonia. 

If we manure the same land with 3 cwt, of 
ammoniacal salts, we shaU have, in one year, a crop 
one-half heavier than on the unmanured land ; we 
shall obtain annually one-and-half crops, or, in 
eight years, the produce of twelve average crops. 
That is to say, the soil wiU have lost, in eight years, 
as much mineral matter as it would have lost in 
twelve years without ammoniacal salts: it will 
therefore be exhausted, or become unfruitful for 
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wheat, four years sooner than if no ammoniacal 
salts had been used. 

I hold, therefore, that which in my work I have 
endeavoured so fully and minutely to explain, that, 
in reference to the exhaustion of the soil, ammonia 
or ammoniacal saltSy used ahne, are the kinds of 
manure which impoverish a soil, or in other words, 
consume the capital of the land, the most rapidly. 

In one case only does the fertility of the soil 
manured with ammonia, or its salts, maintain itself,, 
namely,, when these are accompanied by the mineral 
substances which are annually removed in the crops. 
These may be restored either by annually adding as 
much as is removed, or by adding after the fifth 
crop a five-fold quantity of them. If this be once 
omitted, the eflfect must become perceptible in a 
series of years. 

The rational agriculturist must not believe, that 
he can remove from a rich fertile soil, without any 
compensation whatever, a part of its constituents, 
and not, by so doing, sooner or later impair its 
fertility ; for this fertility, or the produce in a given 
time, is the eflfect of the whole sum of the actions 
of all its constituents ; not only of that portion of 
them, which has entered the plants, but also of the 
rest of the available supply, which is left in the 
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soil. The entire supply, or sum, has prodneed this 
result, namelyj that the roots found everywhere 
their necessary food ; and if we remove a part of 
the whole supply of the&e constituents, then the 
roots will no longer find their proper food in that 
part of the soil where they are wanting. 

Let ns only suppose that during the last few 
centuries our ancestors had acted on the principles 
here laid down, in thek full extent and strictness j 
what a paradise of fertihty would England be at this 
day ! The neglect of these principles, that is, the 
not restoring to the land the mineral substances 
removed in the crops, is the true cause of the im- 
poverishment of the land, and the source of all that 
povei-ty, the cure of which is in Germany daily 
rendered more difficult by the subdivision of the soil. 

There is but one manure, which permanently 
keeps up the fertility of the land^ and that is 
farm-yard manure ; and when the necessities of the 
times compel the farmer to search for means to 
replace this invaluable manure in all its effects, 
this cim only be rationally done with any prospect 
of success, if tve replace all its comtituentB, Our 
first object will naturally be, to restore to the soil 
the mineral constitnents in the same quantity and 
in the same proportions as those in which they have 
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been removed in the crops; and none mvst be 
omitted. 

It is hence plainly incontestable, that if we cannot 
or do not employ farm-yard manure, and give to the 
soil only one of its constituents, namely, the ammo- 
niacal salts, the use of these ammoniacal salts neces- 
sarily compels vs to add the other constituents in the 
form of mineral manures, if we would keep up the 
fertility of the soil. 

With the use of ammoniacal salts alone, without 
any mineral manure, no cultivation whatever can 
be permanently kept up, if farm-yard manure be 
excluded. The experiments of Mr. Lawes lead to 
this conclusion, and if these experiments be duly 
examined, the truth of what I said in the intro- 
duction, namely, " that of all experiments, none 
were better adapted than those of Mr. Lawes to 
pave the way for the so-called Mineral Theory, will 
be admitted. 

Indeed Mr. Lawes has been himself, by his own 
results, in so high a degree driven, as it were, to 
the same conclusion, that nothing but the almost 
comical pertinacity with which he adheres to his 
original idea can explain how he has not spon- 
taneously adopted the former. He says (vol. viii. 
p. 245), " For the last seven years this field has 
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suffered an immense loss of minerals, rendered 
available to the plant by means of ammonia ; and 
tlie produce of laat year {1846), showed that the 
mineral condition was still little impaired. The 
crop now growing shows, however, sjmaptams of an 
opposite condition of soiL In some experiments, 
where no minerals have been supplied, the salts of 
ammonia are not producing their accustomed effect ; 
an excess of the azotised condition is commencing, 
and mineral manures will now have to be employed 
to increase the natural produce of the soil." 

It would certainly have been most interesting, had 
Mr. Lawes described the unsuccessful experiments 
with ammoniacal salts in tiie same foUness of 
detail as to the amoimt of produce, as he has done 
those with mineral manure, which, according to him, 
were also unsuccessful; for the relations in both 
series of expeiiments were the same, only inverted, 
Mineral manure did not augment the produce, as 
long m OiU excess of mineral constituents was pre- 
sent in the soil; and the ammoniacal salts failed to 
produce their usual effects, when the soil contained 
these salts in excess. 

Again : (vol* xii< p. 35,) " That the mineral con- 
stituents ai^e indeed becoming deficient in Beveral 
of the plots of ouj experimental fields, we have in 
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our collective result, as well on turnips and beans 
as on wheat, abundant evidence.** 

But the finest justification of the mineral theory 
is the following : (vol. xii. pp, 36, 27;) " We by 
no means suppose, however, that if some cheap 
source of ammonia were discovered, we might with 
impunity continuously exhaust our soils in the 
growth of corn by its nieansi but, on the contrary, 
fully admit that, under such a course, our mineral 
mppli/ timdd soon become deficient" 

Again: (voL xii. p. 26,) "From the above [the 
comparison of the produce obtained by the use of 
ammoniacal salts alone, and that from mineral 
manure with ammoniacal salts in iiie years 1845 
to 1850], it appears that although plot lOa, with 
ammoniacal salts only, has given every year a con- 
siderable increase beyond that of the unmanured 
plotj yet the ammoniacal salts thus supplied were 
evidently much in excess over the minerals available 
within the soil; for in everp case where mmerah 
have been also liherallp suppUedt we ham in corn, 
straw, or both, a comiderably larger bitreme stilV* 

After these facts, it is surely superfluous to say a 
word more on the effect of the mineral food of plants, 
and especially on the mode of action of ammonia. 

The mineral constituents act, as is shown by the 
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produce of the unmanured land, without any arti- 
ficial supply of mnmonia. 

The ammonia increases the produce only if the 
mineral comtituentB be present in the soil in due 
quantity, and in an available fo'rm* 

Ammonia is without effect if the mineral consti- 
tuents are wanting. Consequentlyj the action of 
ammonia is limited to the acceleration of the 
action of the mineral constituents in a given time ; 
and under like circumstances, the produce of soils 
is in direct proportion to the quantity of mineral 
food present in the soil, or, in the usual phrase of 
farmers, to the rkfen^gg of the soil. 

When we read with attention the memoirs of 
Mr. Lawes, all must be struck with the remarkable 
inequality of the style* A pai-agraph which plainly 
shows that its author knows nothing whatever of a 
theory, is followed by another, from which, unques- 
tionably, we must conclude that the author possesses 
fl knowledge of scientific principles. It is as if two 
persons had written these memoirs ; a fanner and 
a chemist, one of whom did not understand the 
other. In addition to the specimen already given, 
I here quote another; both may serve to show 
what notions the writer had of agricultural 
ehemistiy. He says : (voL xiii. p. 14,) " In other 
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words, the addition of ammoniacal salts to Liebig's 
mineral maniu*e has increased tlie produce by 
very nearly 9 bushels per acre beyond that of the 
mineral manure alone, whilst the increase obtained 
over the unraanured plot, by 14 tons of farm-yard, 
was only 9i bushels/* 

*'If then the ^mechanical form and chemical 
qualities * of the so-called ' mineral manure * were 
at faultj the sulphate of ammonia has, at least, 
compensated for the defect ; and even supposing a 
mineral manure, founded on a knowledge of the 
composition of the ashes of the plant, be stiU the 
great desideratum, the fanner may rest contented, 
meanwhile, that he has in ammonia, supplied to 
him by Peruvian guano, by ammoniacal salts, and 
by other sources, so good a substitute/* * 

* In maoj experimenta, Mr. La-woaj in order to AacerkaLa, at the 
same time, the effect of a siibstonce rich in carbon^ has luided to hie 
miitures rape secid-eak© (oil-cake), as " calculated to supply a csrtaia 
quantity of carbonaceous subatanee, in wljicli both com and 
Straw ao mudi abound." For his olijectj be could not have selected 
a more tmfit Bubstance ; for oil-cake is ono of the mimures which is 
richest in mtrogeiii cmd at the Bume time acts alao favourably by 
ite aehea (mineral con&tituentg) on the production of graitL Oil- 
cake contaui% according to Dr* Way, 5| per cent, of nitrogeQ, atjd 
8 per cent, of mh. The percentage of nitrogen is so high, that 100 
paTi^ of oil'Cake are equal, in this respect, to 62 of good guano. 
Mr, Lttwes through out speaks of the action of oil-cake aa of that of 
the m(^t highly carbonised ftmnurc / It ia hardly excusable that Dr. 
Gilbert, who lent his aid to Mr. Lawes on a chemist* did uot guard 
him against such uo pardonable blundc^rs. 
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Now, eyery one would suppose from this, that 
Mr. Lawes thought that the use of ammonia enabled 
us to dijapense with that of mineral manure, founded 
on the knowledge of the composition of vegetable 
asheSj and that these, the ashes or mineral consti- 
tuents, might be replaced by ammonia. But he says : 
{toI xii. p. 39,) " If the theory of Baron Liebig 
simply implies that the growing plant muat have 
within its reach a sufficiency of the mineral consti- 
tuents of which it is to be huilt up, we fully and 
entirely assent to so evident a truism," 

These two paragraphs are altogether irreconcil- 
able; for if Mr. Lawes admit, that the* mineral con- 
stituents are indispensable to plants, how can he 
maintain that these very mineral constituents are 
replaceable by ammonia, that is to say, that by means 
of ammonia we can altogether dispense witli them ? 

One important fact seems to me to he estabUshed 
vnih tolerable certainty by the experiments with 
ammoniacal salts, and that is, that when sulphate 
of ammonia is used, we can dispense with the pre- 
sence in the soil of a substance, rich in carbon, in 
a state of decay. 

If we compare together the produce of the two 
lots manured, one with ammoniacal salts, and the 
other with farm-yard manure^ it appeal's that 
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Qrain. Straw. 
One acre yielded with 14 tons of 

farm-yard manure. . . 1826 lbs. 2454 lbs. 

With Liebig's mineral manure and 2 

cwt ammoniacal salts . . 1967 „ 2571 ,, 

With different mixtures of mineral 

manure and ammoniacal salts, 

average of 7 years, Lot 2 . . 1978 „ 3361 „ 
Ditto Lot 18a. . . 1922 „ 3247 „ 

Ditto Lot 186. . . 1833 „ 3189 „ 

In these experiments, three portions of land were 
each manured, for seven years, with mineral manure 
(mineral constituents of the soil and ammoniacal 
salts), and yielded annually a higher produce in grain 
and straw than was obtained from an equal extent 
of land manured annually with fourteen tons of 
farm-yard or box manure. 

It follows from this, that farm-yard or stable 
manure can be replaced in its entire effect by mineral 
manure ; and not only replaced, for it can be, by 
the use of mineral substances alone (sulphate of 
ammonia and sal-ammoniac are mineral), surpassed 
in its fuUest efficacy. 

These facts appear to me so deeply important, 
because they, in -entire unison with the results of 
chemical research, deprive the formerly prevailing 
views of the mode of action of farm-yard manure and 
of animal excreta in general, of all support or foun- 
dation. We know what that something is which acts 
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in maiiure, and which was so incomprehensible to 
the earlier writers on agriculture ; and the notion, 
that by adding to the soil organic matter capable of 
giving out heat, as we see farm-yard manure does on 
the dunghill, we produce a wanner climate in the soil, 
has entirely lost all significance, if it ever had any. 

It is evident, from the facts above stated, that the 
organic matter in fann-yard manure^ however useful 
it may be^ can be dispensed witht a7id co^npletehj re- 
placed by ariijicial means. I consider these results, 
for the present, only as useful and advantageous in 
contributing to establish a scientific piinciplej and 
I readily admit, that the use of ammoniacol salts, 
considered with reference to its conniiercial value, is 
to the practical farmer a matter of small moment* 

I have ah^eady endeavoured to reduce to its true 
value the action of the organic matters m manure, 
and to show thatj by their decay, carbonic acid is 
formed, which, dissolved in rain water, is the indis- 
pensable condition for the entrance of the phosphates 
into the vegetable organism* 

Now, since sulphate of ammonia and sal-ammo- 
niac, in the same way as carbonic acid, increase the 
solvent power of water for these essential ingredients 
of the food of jilants, the question at once arises, 
whether their good effects may not depend in great 
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part on this property ; and whether, in the experi- 
ments of Mr. Lawes, the whole effect of the amrao- 
niaeal salts do not consist of two actions, namely, 
that of ammonia, as food for plants, as a source of 
nitrogen, and that of its salts as replacing carbonic 
acid ? The answer to this question may serve to 
reduce to its real value the assertion of Mr. Lawes 
(vol. xii. p. 24), "that it would be much nearer the 
truth to say that the crop has risen and fallen in 
proportion to the diminution or increase of the am- 
monia supplied to it in manure." 

When we inquire in what proportion the produce 
rose above that of the unmanured land in the expe- 
riments of Mr. Lawes, in which ammoniacal salts 
were used, the following facts appear : — 

After previous manuring with 5 cwt. of super- 
phosphate of lime, and 2 cwt. of silicate of potash, 
the lot 10a yielded, per acre, when manured with 
ammoniacal salts, in six years, 1845 to 1850, inclusive 

(vol. xii. p. 16) : — 

A. 1844. 

PBODUCE PER ACBE. 

Lot 10a, manured, in all, with 1960 ^^^^^ ^*^^- 

lbs. of ammoniacal salts, during 

6 years - 10,728 lbs. 17,703 lbs. 

Unmanured Lot in the same time . 6,950 „ 11,17 2 ,, 

Increase from 1960 lbs. am. salts . 3,978 „ 6,531 „ 
1 lb. of ammoniacal salts produced 

an increase of ... . 1*818 „ 3*34 „ 
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While, therefore, one acre, without having received 
any ammoniacal salts, yielded 6950 lbs. grain and 
11,172 lbs. straw, each lb. of these salts produced 
an increase of nearly 2 lbs. of grain, and more than 
3 lbs. of straw. Mr. Lawes obtained further (vol. xii. 

p. 10) :- 

B. 1845. 

Grain. Straw. 
Lots 9 and 10, with 672 lbs. ammoni- 



acal salts . . . . . 
Lots 3 and 5a, unmanured 


. 4111 lbs. 8324 lbs. 
. 2872 „ 5880 „ 


Increase from 672 lbs. ammo, salts 
lib. 


. 1239 „ 2944 „ 
. 1-84 „ 44 „ 



C. 1846. 

Grain. Straw. 
No. 10a, with 224 lbs. ammoniacal 

salts 1860 lbs. 2244 lbs. 

No. 106, unmannred . . . . 1216 „ 1455 „ 



Increase from 224 lbs. 


ammo, salts 


, 


634 „ 


789 „ 


1 lb. 


D. 1846. 




2-82 „ 
Grain. 


34 „ 
Straw. 


Liebig's manure for wheat 448 lbs. 
Ammoniacal salts 224 ,, 


} 


1967 lbs. 2571 lbs. 


No. 3, mmianured . 


• 


• 


1207 „ 


1513 „ 



Increase , 760 „ 1058 „ 

Grain. Straw. 
D. Increase from 224 lbs. ammo- 
niacal salts, per acre, for 1 lb, 3-43 lbs. 4*7 lbs. 
C. Ditto 224 lbs. 1 „ 2-82 „ 35 „ 

B. Ditto 336 „ 1 „ 1*84 „ 4*5 „ 

A. Ditto 336 „ (average) 1 „ 1-81 „ 3-84 „ 

From these numbers, we see plainly how utterly 
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destitute of foundation is the above quoted assertion 
of Mr. Lawes ; for instead of obtaining for every 
additional pound of ammoniacal salts an equal in- 
crease, which he must have done had his opinion 
been correct, he obtained on the land manured with 
only 2 cwt. of ammoniacal salts, from half as much 
again to twice as much grain and straw for each lb. 
of ammoniacal salts as from the land manured with 
3 cwt., or half as much more of these salts. 

It is thus, I conceive, demonstrated by Mr. Lawes's 
own experiments, that the increase in produce is not 
in proportion to the quantity of ammoniacal salts 
given in the manure, and we shall now inquire in 
what proportion it really stood to the supply of 
ammonia. 

The field No. 10a, with 1960 lbs. of ammo- 
niacal salts, produced for six successive years an 
annual increase of produce, over that of the unma- 
nured land, of 3978 lbs. of grain, and 6631 lbs. of 
straw. 

Now, if we take the average per centage of nitro- 
gen in wheat at 2 per cent., and in wheat-straw at 
0*4 per cent., we find by the existing analyses of 
wheat and wheat-straw, that these products, that is, 
the excess of produce annually, contained about 
100 lbs. of nitrogen. This quantity of nitrogen is 
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contained in 430 lbs. of the ammoniacal salts em- 
ployed, if chemically pure, which, however, is not a 
point of much importance. 

If then the ammonia in these salts had acted as 
food for the plants, and thus jdelded the increase of 
nitrogen in the crop, then, during six years, of the 
1960 lbs. of ammoniacal salts, only 430 lbs. must 
have entered the plants, or in each year 72 lbs., and 
the whole residue of 1530 lbs. must have remained 
in the soil as excess. But as the whole 1960 lbs. 
was not added in one year, but in portions during 
six years, the soil became each year richer in them 
than it was in the preceding. There remained a 
residue from the previous year, which was annually 
increased by the portion newly added. 

If we subtract from the sum of the quantities 
annually given to the soil the quantities annually 
taking a share in vegetation, or which may have 
done so, and which we have supposed to be removed 
from the soil in the increase of produce, we find 
that, — 

AMMONIACAL SALTS. AM. SALTS. RESIDUE* 

lbs. lbs. lbs. 



In 1846, the land received 336 { ^fi,* pZr^""^ } ^^ 254 

Residue ofl845 254/^^^ " ^^ ^^^ 

In 1847, the land received 300 \ ^- . ^^ ^, . 

Residue of 1846 406 ^^^ " ^^ ^^* 
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SALTS. 




AM. 


SALTS. 

lbs. 


BSSIDUE. 

lbs. 


984 


ti 




72 


862 


1262 


f> 




72 


1192 


1592 


n 




72 


1520 



lbs. 
In 1848, the land received 800 1 

Residue of 1847 634/ 
In 1849, the land received 400 ] 

Residue of 1848 862 J 
In 1850, the land received 400 1 - -g^ 

Residue of 1849 1192 J 

The lot yielded an excess of produce over that of 
the unmanured one of — 





Ammoniacal Salts. 


Grain. 


Straw. 


In 1845 


336 lbs. 


639 lbs. 


1654 lbs. 


1846 


478,, 


643 „ 


731 „ 


1847 


706,, 


679 „ 


989 „ 


1848 


934 „ 


382 „ 


655 „ 


1849 


1262 „ 


914 „ 


1240 „ 


1860 


1592 „ 


721 „ 


1370 „ 



Consequently, in the year 

Grain.Straw. 

lbs. lbs. 

1845, 100 lb& ammoniacal salts increased the produce by 160 460 

1846, 100 „ „ 134 153 

1847, 100 „ „ 82 140 

1848, 100 „ „ 40 70 

1849, 100 „ „ 73 98 

1850, 100 „ „ 46 86 

I readily admit, beforehand, all the objections 
which can be made to this calculation; I admit 
that the ammoniacal salts may have contained from 
lO to 15 per cent, of impurities, and therefore were 
not chemically pure ; I most readily allow that the 
numbers, expressing the increase of these salts in 
the soil in successive years, are not exact, since a 
certain quantity was probably carried down to such 
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a depth by the raiiij that it was out of the reach 
of the plantSj and therefore could produce no effect. 
But it is and remains undeniably certain, that the 
proportion of ammoniacal salts in the soil, whatever 
might be its exact value, must have increased from 
year to year^ because ammoniacal salts (sulphate of 
ammonia and sal-ammoniac) are not volatile, and, 
consequentlyj the unconsumed portion, or excesa, 
must have remained in the soil. This being 
assumed as a fact which cannot be disputed, these 
numbers establish the truth, already demonstrated 
by the earher experiments, that the produce did 
not increase in proportion to the increased propor- 
tion of nitrogen present in the soil ; but that, with 
the exception of the year 1848, the produce for 
the same amount of nitrogen steadily diminished. 
The produce, calcidated with reference to 100 lbs, 
of ammoniacal salts, may be considered, when aU 
sources of error are taken into account, as rela- 
tively correct. These calculated results express, 
not the absolute^ but the relative quantities of grain 
and straw for an equal amount of ammoniacal salts, 
that is, of nitrogen. Now, since the soil, in the 
second year already received twice, in the third 
year three times, in the fourth above four times, in 
the fifth above six times^ and in the sixth above 
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geyen tunes as much nitrogen, in the form of 

ainmoniacal salts, as the wbule produce in graia 
and straw (the produce of the unmanured lot, pkis 
tiie increase of produce) required of ammonia for 
the production of all the nitrogenised compounds 
contained therein, it obviously follows, that the 
produce or crops were in no way proporiional to 
the increase in the supply of nitrogen given to 
the soiL* 

When we remember that it is the object of 
scientific research to discover the cause of the 
efficacy of ammouiacal salts, we must not forget, 
in our inquiries, that the increase of produce, 
obtained by the use of these salts, is to he regarded 
in itself as a firmly established fact, which can in 
no way be affected by the views we may entertain 
as to its cause* 

Now, as we have already stated, when we attempt 
to explain the action of ammoniacal salts, two pro- 
perties of these salts must be taken into considera- 
tion I one of these is the capacity of ammoma to 

* Mr. P, Pusey has recently promulgated the opinion, that nitric 
addf whlcb, aa I showed 26 jeara b^^ is a constituent of ram 
W&tar, especially of that of tlmuder RtormSi m a B^ond prindpaJ 
Bource of nitrogen for plants. On the question, whether nitric acrid 
iak(?H a Hliare in the procesd of vegetable life, I have OxpreflSad 
my opinions in detail in my work ; and there I have fiaid thatj in 
any owe, aitratee are manure which do not replace those mineral 
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serve as food for plants^ that is, as the source of 
their nitrogen; the other is the action of sulphate 
of ammonia as a solvent /or certain important 
mineral constituents of the soiL 

If the ammonia produced this faTOurable effect 
only bj its nutntive power^ as Mx. Lawes assumeSj 
it is quite impossible to understand why so great 
an excess of it was necessary in order to obtain 
the proportionally trifling increase of produce, 
compared with the unmanured land. For this 
unmanured land yielded, in the same period, with- 
out haying received even a trace of ammoniacal 
salts as manure, a quantity of grain and straw 
exactly equal to twice the e:^cess of produce obtained 
by the use of these salts. It seems probable, on 
this supposition, that a fourth, or at most a third 
part of the actual supply of ammoniacal salts must 
have sufficed to produce the increase of produce 
obtained, 

But if, on the contrary, only a small part of the 
ammonia acted by its nutritive property, and by far 
the greater part by its solvent power for phosphates 
and sihcates, its action is explained in a more 



CtMiBtituenta wliieh are removed from tbe sciH in the crops ; juid 
©TOTi i^ by virtue of tlieir acid or ttiek alkali, tUey mpre&se the 
ppuduee, ^e soil must, by tliia veiy increase, be rendere*! poorer, 
aikd b0 %h& eoocier exlmugted. 
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satisfactory manner; for in this case the effect is 
proportioDftl to the quantity of water wliicli entered 
the plants, and was giTeu off by evaporation from 
tUeir snrfacej the solvent power of this water for 
these substances having been increased by the 
ammoniacal salts. The eflect of the earthy phoa^ 
phatea and of the soluble silicates depends on the 
quantity of them in the soil ; their effect in a given 
time is proportional to tlie quantity which enters 
the plant in that time. This again is proportional 
to tlie degree of their solubiHty in rain water, and 
to the amount of rain water absorbed by the plant. 

Both properties — that of ammonia as a nutri- 
tive agentf or source of nitrogen, and that of 
the ammoniacal salts as solvenUj — have certainly 
co-operated to give the increased produce ; for since 
the total produce, 28,431 lbs, of grain and straw, of 
the lot manured with ammoniacal salts, was to that 
of the unmanured land, 18,1^3 lbs. grain and straw, 
as three to two, — and consequently the excess of the 
former was equal to half the amount of the latter j — 
it is evident that this excess must have contained 
exactly as much siHcate of potash and phosphates as 
existed in one -half the crop of the unmanured land. 
Now, since ammonia cannot replace these essen- 
tial constituents of the wheat plant, it follows, that. 
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bj the agency of the ammoniacal salts, this entire 
additional quantity of mineral constituents was 
rendered soluble and available for the plant. 
These salts have enabled the rain water, in equal 
volume, to dissolve and carry into the plant, in the 
same time, one-half more of these substances than 
was yielded, without ammoniacal salts, by the 
unraanured land. 

I tbink it probable that, with reference to this 
last property, that is, their solvent power, the am- 
moniacal salts may be replaced ; that chemistrj^ will 
discover the means of rendering more soluble the 
silicates and earthy phosphates indispensable for 
wheats and that thus the obstacle of high price, 
which so much limits the use of ammoniacal salts 
for this purpose, will be removed. The whole efforts 
of agricultural chemistry ought to be devoted to the 
removal of these obstacles* 

According to what we have learned from the cul* 
tivation of other crops, the atmosphere is suificiently 
rich in ammoniaj to supply vvith the necessary ni' 
trogen more than double the quantity of grain and 
straw which was obtained from the unmanured land* 
We know that a crop of turnips, grown on a soil 
which had received no ammonia, but only super- 
phosphate of lime, contains twice or thrice as much 
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nitrogen, in its nitrogenised constituents, as a full 
crop of wheat in grain and straw ; and that land 
sowed with clover, topinambour, or peas^ and not 
receiving any mtrogeniBed manure whatever, con- 
denses from the air in its products a larger amount 
of nitrogen than is obtained in the products of an 
equal surface of tiie same land sown with wheat, 
and most riclilj manured with ammoniacal salts. 

When we shall have acquired means, such as I 
have alluded to, of increasing the fertility of the 
soil, or the efficacy of ite constituents, we may he 
able to solve the question^ whether ammonia, as a 
constituent of manure, may not be altogether dis- 
pensed with ; or whether that quantity of it, which 
may be collected or saved on every farm, may not 
completely suffice for the objects of cultivation. 

It is much to be regretted, that Mr, Lawes did 
not undertake a series of experiments in this direc- 
tion. Had he manured the lot 10<x, in the first year 
with 8 cwt. of ammoniacal salts; and had he/ in 
the five succeeding years, added to the soil annually 
only 73 lbs* of these salts, to replace the amount 
removed in the crop, one of two cases would have 
occurred : either the lot would have yielded the 
same excess of produce as when manured with 
1960 lbs, of ammoniacal salta, or the excess would 
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have been less considerable. In the former case 
we should have been enabled to conclude, with 
somewhat more of certainty, that the increased fer* 
tility had been caused by the ammonia as a source 
of nitrogen^ by its nutritive power ; in the latter it 
would have been proved^ that the cause of the effect 
of the great excess of these salts, must be sought 
for in tJie increased solubility given by tliem to the 
mineral constituents^ This, at least, is the way in 
which, in scientific researches, answers to distinct 
questions can alone he obtained. 

The solution of these problems, so impoitant and 
essential for practical and theoretical agriculture, 
is connected with the series of experiments, which 
I have proposed, in reference to the efficacy of the 
mineral constituents in their different conditions of 
solubility. The two series of experiments might be 
combined ; and we might make a trial, usiugj in one 
case, mineral manure alone; in anotherj mineral 
manure to which a sufficient quantity of ammoniacal 
salts dissolved in water has been added — ^about as 
much ammoniacal salts as will supply, with the 
necessary nitrogen, from one-third to one-half of a 
crop of grain and straw* The results would be 
decisive as to the advantage to be derived from the 
use of these salts as manure for certain plants. 
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From a compariBon of the produce of Uie un- 

mantired lot No. 3, with the excess ofprodme in the 
lot 10a, manured with ammoniaoaJ salts, it appears 
that the effect of the constituents of the soil l>y 
themselves (without amuioniacal manure) was double 
the effect of 1960 Ihs., that is, of a most enormous 
excess of ammoniacal salts* These numbers, per- 
haps, express more distinctlj what I took so much 
pmns to show in my work, that in practical farming 
the attainment of heavier crops, and of a higher 
rent, depends much more on the removal of obsta- 
cles, the giving to the soil a proper physical quality, 
and the solubility or available state of the necessary 
mineral constituents, than on ammonia; and that 
on poor soils, it is far more important to attend to 
the due restoration, and the increase if possible, of 
these indispensable mineral substances, than to the 
supply of ammoniacal salts ahne. In this point of 
view, every one knows what has been the effect of 
the drainage system* In many cases it has raised 
the produce by one-half, or even doubled it. 

To seek to ascertain the effect of ammoniacal 
salts in the way Mr. Lawes has done, and to recom- 
mend the use of these salts for the cultivation of 
wheat, seems to me almost a mockery in the present 
state of agriculture ; for all the ammoniacal salts 
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manufactured in Eiu-ope are not sufficient to supply 
the lands of even the kingdom of Saxony ivith these 
salts, in the quantities recommended by Mr, Lawes. 
It has been known for centuries, that nitrogenised 
manures are useful for certain crops; that the active 
mineral substances become more efficacious by the 
addition of ammoniacal salts than without them, is 
a conclusion, as is proved by the quotations from 
mj work, simply deduced from theory, to test which 
no experiments are necessary* But so to prepare 
the soil as to enable it to extract from the air, and 
the other sources ofifered to plants by nature, and to 
condense in its products a maximum of nitroQeUt 
—this, indeed, is a problem worthy of scientific 
agriculture. 

The results of Mr. Lawes have no value for his 
next-door neighbour, nay, they have no value for 
himself; for the recipe, to which he comes, only 
applies to his own lands, and to them only, in so 
far as experimented on, and only for a very limited 
number of years. No new principle, correcting an 
existing one, and no new mode of culture, has been 
derived from his experiments ; and if he has called 
in the aid of Dr, Gilbert, with reference to chemical 
analysis, this sort of agricultural cheraistry is no- 
thing more than dressing up a corpse with useless 
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and unnecessary ornament. It will, I suppose^ be 
admitted, that 1 know the value of an analysis ; but 
in my opinionj a long time must elapse before we 
can apply on analysis to the solution of agricultural 
problems, excepting of course the analyses of ma- 
nures and soils. The agricultural chemist should 
be occupied with questions infinitely more important 
than these ; but it is no doubt much more difficult 
to find a man who posaesses the power of thought 
and reflection, ^an one who is expert in analysis. 

Ammonia, when used as a manure alone^ and 
when there is a want of mineral constitnenta in the 
soil, is like the spirits which the labourer takes, in 
order to increase his available labour, power, or 
imagination ; and, like that stimulant, its action, in 
this case, is followed by a corresponding exhaustion. 
It is in vain for the fanner to hope for some undis- 
covered source of ammonia, for even if such a 
source were discovered, and yielded a profiise 
supply, yet the agriculturist who wishes to leave 
to his children fertile lands, must ahvays find him- 
self driven hack to the immutable natural kw, that 
the quantity of mineral constituents remoiwd in the 
GTopSt nmst be restored to the soil. No discovery, 
no progress, will ever be able to circumscribe the 
range of this law, or to relieve us from its operation. 
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In order not to exeite new doubts, and in order 
to put an end to a misunderstaiiding, which I 
thought, but vainly, as it appears, I had rendered 
impossible in my work, I repeat here what I snid in 
that work (p. SlJJ) : — "In order to obviate any mis- 
understanding, we must again draw attention to the 
fact that thia escplanation is not in any way contra- 
dicted by the effects produced on the application of 
artificial ammonia, or of its Baits. Ammonia is, and 
win continue to be, Ihe source of all the nitrogen 
of plants; its supply is never injurious; oo the 
contrary, it is always useful, and^ for certain pur- 
poses, indispensable/* I repeat, therefore, once 
more, that I regard ammonia and ammoniacal salts 
as exceedingly useful, nay, in the present da^y^ quite 
indispensable, if we would increase the produce of 
our land beyond a certain limit without the use of 
farm-yard manure* This is a certain and acknow* 
ledged fact, which every farmer knows how to apply 
with profit, by proper arrangements for collecting 
the manure, both soUd and liquid, produced on 
his farm. That which I wish to point out, and 
to which I desire to direct the experiments of 
scientific agriculturists^ ia the notion, confirmed 
by the analysis I have given of Mr* Lawes's ex- 
periments, that, by certain improvements in the 
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ma.nagemetit of the land and of the inamireB, 
ammonia, not as a source of nitrogen, hnt as a 
promoter of the solubility, and conseqnently of the 
action J of certain mineral constituents of the soil^ 
may be dispensed with, or that we shall at least 
ultimately be enabled to dispense with it, I con- 
sider it an error to estimate the value of a manure 
by its per centage of nitrqgeji ; and hence ammonia 
and aniraoiiiacal salts cannot be placed on the same 
level as poudrette and guano, because the latter 
contain, along with ammonia, a quantity of nutritive 
mineral substances which are quite as important, 
nay far more important to the plants than ammonia 
by itself can be* In every manure, the ashes^ or 
mineral constituents must be carefully taken into 
account in estimating its value. 

Now, when we reflect that the lot No, 3, un- 
manured, yielded in seven years a produce of 
S0,165 lbs. of grain and straw 5 that the manured 
lot 10, yielded in the same time 30,559 lbs. of grain 
and straw ; that the produce of the unmanured lot 
was the sum of the action of all the constituents of 
the soil, without any artificial supply of ammonia; 
that the produce of the manured lot was the sum of 
the action of the same constituents of the soil, plus 
560 lbs. of Buperphoi^phaU of limey plm 2g0 lbs. 
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soluble silicate of potusk^ plus 1960 lbs, of ammoniaeal 
salts ;— it follows that the increase of produce was 
by no means the effect of the ammonia ahne^ as 
Mr. Lawes will haye it, but that the active mineral 
qonatituenta of the soilj just mentioned, haye had 
their full share in producing Hm effect. 

What, then, are the cii^cumstancea in which 
theory leads us to anticipate such an increase of 
produce ? 

The answer will be found in my work, p. 134 : — 
"The cereals require the alkalies and dlicates^ 
liberated by tha lime and* rendered fit for aasimila- 
tion by plants. If there be present decaying 
matter yielding to the plants carbonic acid, their 
development may be favoured by this means, but 
this is not necessary. For if we furnish to the soil 
ammonia J and to the cereals the phosphates essential 
to their growth^ we fui-nish all tlie conditions neces- 
sary for a rich crop," 

Now, what are the circumstances under which 
Mr. Lawes obtained his increased produce ? He 
supplied Ins soil with soluble silicate of potash ^ with 
pfi^sphate of iime, and with ammonia ; a^d, there- 
fore* after seven years of experiments, he obtained 
results which are in the most complete agreement 
with my theory,— facts which are absolutely in*e- 
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futftble proofs of its truth. It is Impossible to 
belieTe that Mr. Lawes was at all acquainted with 
that tlieoiy, or that he knew what my doctrine was ; 
for otherwise how is it conceivable that he Bhould 
have regarded his reaiJts as incompatible with tlmt 
doctrine ; or how could he possibly have said^ tliat it 
follows from his esperinienta on the whole, " that 
nitrogeniBed manureB am 2)€citiiarly adapted to the 
growth of the wheat plant f '* Or how otherwise 
could he have said, in 1847 (vol. viii. p. 345), " The 
theory advanced by Liebig, that * the crops on a 
field diminish or increase in exact proportion to 
the di mi nution or increase of the mineral substances 
conveyed to it in manure/ is calculated so seri- 
ously to mialead the agricultuiistj that it is highly 
important its faUaciea should be generally known. 
The contempt which the practical fartmr feels 
for the science of agricultural chemUtry arkea 
from the errors which have been committed by its 
profesmrg" 

Had Mr. Pusey known the theory as it really is, 
would he have had the boldness to say (Journal, 
ToL xi, p. 388) that '' The axiom of Liebig, * the 
crops in a field diminiah or increase in exact pro- 
portion to the diminution or increase of the mineral 
substances conveyed to them in manure/ has 
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feceiTed a death-blow from Mr, Lawes's experi- 
ments." Again (p. 39^), "The Mineral Theory 
haatUy adopted by Liebig has broken down ; no other 
has taken its place* Our best authority, Mr, Lawes, 
has certainly proved bo muchj that of the two active 
principles in manitre, ammonia is apecially eiiited 
to com, phosphorus to tumipa, and that turnips 
are prohably benefited by the woody matter of 
straw." 

None of all these facts are new, and what is new 
in the opinion of Mr. Lawes is erroneous. Long 
before Mr, Lawes made his experiments the action 
of ammonia on wheat and lliat of phosphate of lime 
dissolved in acid on tnmipSj were well known. 

Truly agricultmre need not be envied this triumph 
gained by means of the agriculturo-chemical experi- 
ments (as he himself calls them) of Mr, Lawes, if 
the only theory she had has thus fallen to pieces, 
and its place has been supplied by no other. What 
a gain it is to know, that of all active matters, 
ammonia is especiaUy suited to grain and phos- 
phorus to turnips ! 

Agricultural chemistry does not assist agriculture 
merely to produce grain and meat, for this has been 
done for many centuries ; but her aid is given to 
enable agriculture to produce fnore grain, more meat, 
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or grain and meat by tbe simplest means, and in the 
most proJitahU way. The chemist searcliea for the 
method and the means ; but this is all he can do, 
and the agricnlturist must undertake the rest. But 
what has agiiculture done to support agricultural 
chemistry in this direction ? 

The former president of the Royal Agricultural 
Society of England, Mr, Pusey, gives to this ques» 
tion, in the year 1850^ the followiiig answer: '* Ex- 
cept Liebig's suggestion for dissolving bones with 
ncid, and Sir Robert Kane*s for using flax water as 
mauure, I know no agricultural process arising out 
of chemical discovery,'* This statement explains 
everything* It is not the doctrine which ia wanted, 
but recipes ; — thought and reflection are left to the 
chemists. Many agriculturists are Hke children, 
who, groping in the dark, stumble over the sign- 
post put up to show the way, and who now beat the 
^ign-post which has caused them to fall- But sign- 
posts are not intended for the use of the blind. 
The chemist is only such a sign-post^ which camiot 
move from its place, Tbe path that leads to truth 
is a straight one, intersected hj millions of curved 
ones ; it ia in vain to hope that we can find the right 
path by groping in the dai^k. 

Medicine, Physiology, and Mineralogy, a few 
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centuries ago, stood to Chemistiy in a similar 
relation to that whicli now exists between Agri- 
cultui*e and ChemiBtry, Since physicians, physio* 
logists, and mineralogists began to acquire that 
amount of chemical knowledge which enabled them 
to obtain for theimelves answers to their qmstions^ 
these sciences have made such progress as was 
never before known. The living organism, the 
pathological phenomenon, and the mineral, are, like 
everything which is external to the laboratory of the 
chemist, not more accessible to his researches than 
the fanner's fields, 

I am convinced that farmers wiU find, in books 
which treat of the application of chemistry to agri- 
culture, dozens of prescriptions or recipes like that 
alluded to by Mr* Pusey, The difficulty is to dis- 
cover them, and to give them vitaHty. Mere 
proposals can never make land fertile. Such recipes 
may have a high value in agriculture, at least in 
special cases, but in a chemical point of view, they 
have no greater scientific value than a recipe for 
good blacking, because they are simple deductions 
from certain principles. It is not ihe deductions, 
but the principles alone, which constitute the 
problem to be solved by the chemist. 

But to render even a deduction efi'ectual by means 
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of experiment, requires a certain force of conviction, 

or faith, which few possess ; for without this forcBj 
we cannot overcome difficulties* The certeunty 
ihatj with the right means, we must ohtain tie 
desired end, deterniines our success j for by thia 
certainty we axe led to find the right means. But* 
unfortunately, up to tliis time, doubt, not conviction, 
has prevailed in agiiculture. We cannot find two 
farmers who are of one mind concerning one and 
the same phenomenon; for example, the effect of 
nitrate of soda, or that of drainage. 

I cannot conclude these long explanations without 
once more returning to Mr, Lawes. I wish to do 
him full justice. 

At the end of his memoir (Journal, xii* p. 39), he 
says : — ^** In conclusion, then ; if the theory of Baron 
Liebig simply implies that the growing plant must 
have within its reach a sufficiency of the mineral con- 
stituents of which it is to he built up, we fully and 
entirely assent to so evident a trumn ; but i/t on the 
otJier Jmnd^ he tvould have it understood that it is in 
the mineral coni^tituent^j as would be colkctivel^ found 
in the mhes of the exported produce that our soiU are 
deficient relatively to other constituents^ and that, in 
the present condition of agriculture in Great Britain^ 
'we cannot increase the fertility of our fields hy a 
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ily of nitrogenised prodiicta, or by salts of am- 
monia alone J but rather that their produce increaBe» 
or diminishes, in a direct ratio^ with the supply of 
mineral elements capahle of asBimilation^' we do not 
hesitate to say tfiat every fact with which we are 
acquainted, in ratio to this painty is unfavourable to 
such a view" 

In the first part of this quotation, Mr. Lawea 
admits the tmth of the so-called Mineral Theory; 
in the second I find two erroneous statements, the 
continued diffusion of which I can no longer tolerate. 
The concluding sentence asciibea to me the 
assertion that the produce of land is proportional 
to the supply or diminution of the available 
mineral constituents* This I have never said: I 
have stated, that the produce is proportional to 
the available mineral constituents in tlie mmmre, 
by which phrase, of course, I meant to refer to 
manure generally, including mineral manurey guanot 
poudrette^ farm-yard manure^ &c. 

With regard to the previous sentence, I find in 
my work only one passage in which I speak of the 
land of England in the sense understood by 
Mr. Lawes. This is page 165 : "In the large 
towns of England, the products of English as well 
m of foreign agriculture are consumed; and to 



116 



AGEICULTUBAL CHEMISTRY, 



supply this great consumption the constituents of 
the soil necessary to the plants are removed with 
Uiem from an immense surface of land, to which 
they are not again returned* The domestic arrange- 
ments peculiar to the English render it difficult, 
perhaps even impossible^ to collect the immense 
quantity of phosphates (the most important in- 
gi^edients of the soil, although present in it in a 
smaU quantity) which ai*e daily sent into the rivers 
in the form of urine and of solid excrements. 
Thousands of hundredweights of phosphates flow 
annually into the sea with the Thames, and with 
other of the British rivers. Thousands of hundred- 
weights of the same materials, arising fi^om tlie sea, 
annually flow back again into that land in the form 
of guano/' 

It is not difficult to refute the opioions of another, 
if we ascribe to him assertions which he has never 
made. 

It never occurred to me to assert that the land of 
Great Britain was deficient in the substances which 
are found together in the ashes of the crops raised 
on it, or that, on a soil naturally fertile, rich crops 
might not be obtained for several successive years, 
hy the use of ammoniacal salts ahne. The state 
of the land in England generally, and of that of 
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Mr. Lawes in particular, is quite tmknown to me ; 
but I have no doubt whateyer, that, by a well- 
devised analysis of his soil, we should be enabled 
to predict all the results, to arrive at which he took 
seven years' experiments. I have asserted, and my 
assertion is only confirmed by the experiments of 
Mr, Lawes, that ammoniacal salts alone, if used 
miinterniptedly, must, sooner or later, exhaust the 
sail 

Agriculturists have derived sufficient profit from 
the use of giiano^ and from the knowledge of the 
true cause of the efficacy of bones as manure, which 
I mentioned in the passage quoted from my work, 
but they are too ready to forget the actual state of 
agriculture up to the year 1840* 

^Tien, in September, 1840, the first edition of 
my work appeared, not a single pound of guano had 
been used by farmers as maninre ; and if any one 
will take tlie trouble to compare the produce of 
English agriculture, since 1841, in com and cattle, 
mth the produce of the same land before 1840, he 
will fi.ndj that' by the use of guano, against which so 
many voices were at first raised, till the right mode 
of using it was learned, the produce of the land has 
risen to an extent which has hardly been equalled 
by the results of any other discovery in agiiculture* 
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I do not Bay tkis to elaim any merit for mj^self, 
because Humboldt audBoussingaultliad long before 
pointed out the value of guano to those coimtries 
in which it had been used from time immemorial. 
But guano was known to me only by its constituents; 
and it is surely no small proof of the ti-uth of a 
tbeoryj that, on the strengUi of an analysis alone, it 
has not been deceived iu the judgment it fonned of 
the importance of such a manure. 

Previous to 1840, the prevalent ideas concermng 
the fertilisation and enrichment of the land, revolved 
about the obscure and dim notions of humus and 
manure, as then understood* How diiFerent are 
now the views entertained on these points ! 

The more we enter into the spirit of the writings 
of Mr. Lawes, the more we are astounded at the 
fmidamental error to which, as to a black thread, 
aU his experiments and all his ideas attach them- 
selves* On almost every page he assures us with 
the utmost confidence, that my theory must be 
erroneous, and that I have only to follow with 
attention his experiments, in order to convince 
myself how litUe applicahle they are to practical 
farming, because I have advised the farmer to take 
measures to ensure the full restoration to the soil of 
the aJkalieB, the alkaline earths, and the phosphates. 
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in proportion as tliey are removed from the soiL 
"Whereas^ — and tMs is the chief argomeot of Mn 
Lawes against the doctrine, — his land, and that of 
England generally, everting com and cattle, ai'e de* 
ficient oniYhxplio^phoTie acid and nitrogen, which sub- 
staBces are replaced by imported cattle, bone-earth, 
and guano ; while all the other mineral constituents 
of the soil are restored to the land, according to the 
usual methods of English farming, by means of the 
farm-yard manure, and that almost without loss* 

But if this be really the case, then the farmer acts 
entirely according to the principles of my theory, 
which tells him, that in such cases an additional 
replacement, by means of mineral manure, is not at 
all indicated. The form in which that which has 
been remoTed from the soil is restored to it, is of 
no importance whatever, provided it be an available 
one. At p. 180 of my work, I said on this point: 
" It must be admitted as a principle of agriculture, 
that those substances which have been removed 
from a soil must be completely restored to it; but 
whether this restoration be effected by means of 
excrements, ashes, or bones, is in a great measure 
a matter of indifference/' Again, p. 177: "It is 
evident that all the constituents of the field removed 
from it in the form of animals, com, and fruit, may 
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again be obtained in the liquid and solid excre- 
ments of man, and in the bones and blood of the 
slaughtered animals. It altogether depends upon 
us to keep our fields in a constant state of composi- 
tion and fertility, by the careful collection of these 
substances." Again, p. 178 : " The principal object 
of agriculture is to restore to our land the substances 
removed from it, and which the atmosphere cannot 
yield, in whatever way the restoration can be most 
conveniently effected." 

It is altogether incomprehensible, that it should 
never for one moment have occurred to Mr. Lawes, 
that in Germany, France, and even England, all 
land has not the quality of his land; that the 
universal and best founded complaint of most 
farmers refers to the difficulty of restoring and exalt- 
ing the fertility of their land, in consequence of the 
want of farm-yard or stable manure ; that, in a 
number of cases, from want of cattle or of meadow- 
land, or because none of the land is adapted for the 
raising of green crops or fodder, a complete restora- 
tion of what is taken from the soil, at least in the 
form of stable or farm-yard manure, is utterly im- 
possible. What then are farmers, thus situated, 
to do, in order to increase their produce and improve 
their soil ? I should have regarded it as a very 
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great g^^ and I should have gladly renounced all 
endeayoiirs to expose the errors of Mr. Lawea in 
regai'd to my views, if his experiments had con- 
tributed ever so little to the solution of tills ques- 
tion. But how can Mr. Lawes, hke a wealthy man, 
who has a secure income^ blame science for opening 
up to the needy sources of help, which he, Mr. 
Lawes, does not need and considers insignificant ? 
Ought not the light of science to shine both on 
rich and on poor soils alike ? 

There are whole countries, as in the Netherlands, 
FlanderSj and Westphalia, where the use of ashes 
as maniu*e has long yielded the best returns ■ and 
where, according to Schwerz, the proverb is cur- 
rent, that he who expends nothing on ashes, is sure in 
the end to pay double (" Inti*oduction to Pract. 
Agric," voh ii, p. 323). 

The opinions of Mr. Lawes have found an echo 
in GeiTuany. In the latest work of Wolff, " The 
Fundamental Natural Laws of Agriculture," vol H, 
p. 4:21, he sayB : 

'*If we compare the facts above mentioned, 
deriyed immediately from experience and from 
numerous field experiments, with the chemical com- 
position of the crops, and with the qualities of the 
eBsential constituents of manure which are contained 
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in the produce of a given surface, we acquire the 
conviction, that the exhaustion caused by the culti- 
vation of different crops is in no way directly 
proportional to the quantity and quality of the 
organic and mineral constituents present in the 
- crops ; and further, that the pure Mineral Theory, 
founded and formerly defended by Liebig, has not 
been confirmed by the practical experience of 
agriculturists." 

Such conclusions, on the part of a writer on agri- 
culture, would almost lead one to doubt of the 
possibility of progress. '* The exhaustion of the 
soil is declared to stand in no way in direct relation 
to the produce obtained from it. That is, the effect 
(exhaustion) bears no relation to the (exhausting) 
cause 1 1 " 

In the experiments of Mr. Lawes we recognise 
the jfacts and observations on which such opinions 
and such dicta are founded. 

No housewife ever imagines that she can judge 
of the price of a piece of cloth, or its equivalent in 
money, without knowing its length and breadth, 
that is, without a yard measure. But the writers 
on agriculture, with reference to agricultural facts, 
and so-called observations, are much better off!. 
Without using the measure of scientific principles. 
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indeed witliout any measure whatever, they mete 
out to us the value, the depth, the breadth, in short, 
the whole extent and significance of their expe- 
rience. Nay, many of them express a iind of 
satisfaction on finding that the measure offered to 
them by science, is still, in the present state of 
agriculture, so imperfect and so little applicable. 
And the^e are just the men, whose vocation it should 
be to assist in imj>roving it, and, if it be applicable, 
to teach the right method of using it* Herr Wolff 
also beheves and teaches, that the " pure (?) Mineral 
Theory, founded and formerly defended by Liebig, 
has not been confirmed ;** and he rests his conclusion 
on the dunghill — as we may call it, in the best sense 
of the word — of the practical experieneeB of farmers. 
These are, in fact, only the manure for a future 
rational system of culture. That the Mineral Theory 
of Liebig is a pure fancy of Mr. Lawes, is probably 
by this time clear to the reader ; but I am entirely 
at a loss to discover, ia which of my writings HeiT 
Wolff has found what he calls the pure Mineral 
Theory* 

It seems to me wortli while to consider here one 
more of Uiose vmmcaniug practical experiences, made 
by one who is, according to Mr, Pusey, the first agri- 
cultural authority in England, namely, by Mr, LaweB* 
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It refers to the growth of turnips. (Vol. xii. p. 34, 
and vol. viii. Part 2, p. 26, et seq.) 

An average crop of turnips (8 J tons per acre), 
according to the best analysis, requires for its de- 
velopment, from the soil, 50 lbs. of phosphate of 
lime, a quantity relatively very small, and 127 lbs. 
of potash ; therefore, about 2 J times as much potash 
as phosphate. But Mr. Lawes tells us, that neither 
potash, nor any other constituent of the ash of tur- 
nips, nor yet ammoniacal salts, had, on his land, a 
favourable effect on the turnip crop; phosphoric 
acid alone was found efficacious ; and this he proves 
in the following manner. An experimental lot was, 
during the years 1843 to 1850, manured annually 
with nothing else than a mixture of phosphate of 
lime (burnt bones) and sulphuric acid. The field, 
or lot, received annually 400 lbs. of bones and 
sulphuric acid; and in the first year it yielded 
12 tons, in the last, 11 tons 9 cwt., on the average 
8J tons of turnips. "It is quite certain," says 
Mr. Lawes, " that the phosphoric acid, given in the 
manure, although constituting so small a part of the 
ash of turnips, exerts a very striking influence on 
the growth of the turnips." And, indeed, the expe- 
riment is a very remarkable one, and clearly demon- 
strates the existence of a very unusual quality of 
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QiB soil. But If we inquire into the reason why the 
credit of this striking result is given to the phos- 
phoric acid, we find that this is a sheer fancy. Were 
any one to assert that, under the circumstances, it 
was the free sulphuric acid which produced the 
result, it would be difficult to disprove tiie assertion, 
as will be seen from the following calculations :— 

Of the 400 lbs. of phosphate of lime, and sul- 
phuric acid, supplied to the land in the first 
year, there remained, after harvest, as the croj) re- 
moved only 50 lbs. of the former, beyond all doubt, 
350 IbSp of phosphate of lime in the boD. After the 
second crop, the soil contained twice as much ; or 
700 lbs. of phosphate^ and 400 lbs, more of this salt 
with sulphuric acid were still required in additioBj 
in order to obtain a third crop. How strange is this ! 
The soil, in the fourth year, already contained 
(after deducting the phosphate of lime of the three 
preceding crops), 1050 lbs. of phosphate of lime, 
that is, C50 lbs. more than were given to it in 
the fijrst year; and yet it -wbb necessary to add 
again 40Q lbs. of bnmt bones and sulphuric acid in 
order to supply the phogphoiic acid (?) necessary 
for a fourth crop. In like manner, in the seventh 
year, after the sixth crop, the soil contained S450 lbs. 
of phosphate of lime, or 2050 lbs* more tlmn was 
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added to it in the first year, and still it required, 
anew, 400 lbs. of burnt bones, and sulphuric acid, 
in order to yield the seventh crop ! ! That is, 
to a soil, which at the beginning of the seventh 
year was so rich in phosphoric acid, that it con- 
tained enough for fifty average crops of turnips, 
it was necessary to add, in order to obtain the 
seventh crop, once more, about eight times as 
much phosphoric acid, as that crop really required. 
It is impossible to believe that the effect, in the 
seventh year, under these circumstances, can have 
depended on the newly added phosphoric acid, as 
Mr. Lawes concludes. If we continue our exami- 
nation, we shall find, still in his own experiments, 
much more convincing proofs that the excess of 
phosphoric acid cannot have been the cause of the 
increased produce.* 

* In comparing these numbers with the number of pounds of 
phosphate of lime, which Mr. Lawes annually gave to the lot Na 
22, excluding all other manures, the reader will observe a dis- 
crepancy. I have assumed that he applied annually 400 lbs. of 
phosphate of lime ; but the actual quantity was far greater. Mr. 
Lawes manured his lot — 

In 1843, with 504 lbs. (4^ cwt.) of sulphuric acid and phosphate 

of lime. 
In 1844, with 660 lbs. (6 cwt.) of superphosphate of lime. 
In 1846, with 1232 lbs. (11 cwt.) of superphosphate of lime. 

Or, in these 3 years, with 2296 lbs. of superphosphate of lime. Of 
the amount given from 1846 to 1860, I find no record in his 
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In 1848, the average crop, after tlie use of 400 lbs, 
of burnt bones, and sulphuric acid, was 11 tons 
of turnips* 

But, strange to say, in that same year, an equal 
surface of laud, manured only with clay and ashes 
(the ashea of weeds), also yielded 11 tons of turnips. 

In the same year, another equal portion of lan<l 
(No. 1), manured with 12 tons of stable manure, 
yielded 9 tons 9 cwt. of turnips, or two tons less 
than was obtained from the land manured with 
400 lbs. of bones and sulphunc acid. 

In 1844, the lot last mentioned jielded, when 
manured with IS tons of stable manure, 10 tons 
15 cwt. of turnips, or ^ tons 5 cwt* more than the 
average produce (S^ tons) of the land manured witli 
bones and sulphuric acid. 

In lS45j another lot of equal size, manured with 
12 cwt. of gypsum (the residue of the manufactm^e 
of tartaric acid), and 10 cwt. of rape cake, yielded 
18 tons 1 cwt* of tumipsj that is, 6 tons more than 

tnemoir ; he nays only, that to gave annuaUy a stitjng manuring of 
superphosphate of lime. Sinca ths salpburic ^id roquired to dlA- 
BolvQ bonea amountfl t<? from 2(J to SO por emit, of their weighty I 
have asaumed for sveiy j«ar, as a mmimum, the quantity of phos- 
phate of limtj whidh he gn?e Id the first jeWf* The lot No. 21, 
received, in 1843, 7 bushela of nnburut bones, dbeolved in sul^ 
phuric acid; in 1844, 374 lbs. of apatite (uatire phosphate of lime) 
and 104 lbs. of mlphqtio acid; ond, in 1840, 400 Iba, of bural 
bonea smd 400 Iba, of BolphnHc acid 
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the highest produce (12 tons) of the land manured 
with bones and sulphuric acid, and nearly 10 tons 
more than its average produce, or more than double 
of this last, which was 8 J tons. 

In the same year the lot No. 1, manured with 
12 tons of stable manure, yielded 17 tons of turnips, 
that is, 5 tons more than was that year obtained on 
the land manured with bones and sulphuric acid, 
and double of the average produce of the latter. 

What strange results are presented to us by 
these facts, which are no doubt accurately reported, 
and in what incomprehensible contradiction do they 
stand to the opinions of Mr. Lawes ! The lots 
manured with stable manure yielded, on an average, 
heavier crops than those which received an enor- 
mous quantity of phosphoric acid ; and yet stable 
manure 6ontains in 12 tons, of which 8*7 tons are 
water, and only 3*3 tons solid matter, not more 
than from 46 lbs. to 56 lbs. of phosphate of lime, — a 
quantity barely suflBcient for a full crop of turnips, 
without any excess whatever of phosphoric acid ! 

Still more incomprehensible, on Mr. Lawes's 
doctrine, is the fact that the lot manured with clay 
and ashes gave an equally heavy crop, and that the 
produce of the lot manured with gypsum and rape 
cake exceeded that of all the other lots. For this 
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last manure contains, in the rape cake, only S6 lbs, 
of phosphoric acid, equivalent to about 56 lbs. of 
phosphate of lime, about tlie quantity required for 
ao average crop of turnips ! 

And now, among the substances added to the 
soil, which is it that has had so marked an influence 
on the growth of the turnips? It is out of the 
question J after the facts just related, to assume that 
the excess of phosphoric acid was necessary, and 
was the cause of the increase. Is it then the 
sulphuric acid, the lime, or both together (gypsum), 
or is it the organic matter in the stable manure and 
in the rape cake ? 

What conclusion would Mr. Lawes have come to, 
had he manured his land, for two years, only with 
phosphate of lime, and had added, in the six 
succeeding years, 400 lbs. of sulphuric acid alone, 
ajid had he thus obtained the same produce, in 
eight years, as if he had used 3^00 lbs, of biirut 
bones ? 

Must it not be obvious to every fanner, that 
conclusions, based on experiraentH so rough, and 
instituted with such an utter want of caution, are 
entirely worthless ? 

Because it occurred to Mr* Lawm to give to \\\% 
land so great an excess of phoaphoric acid* are wi> 
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therefore compelled to ascribe the effect to that 
excess? Have we made, after all, but a hair- 
breadth's progress from our old position? And 
then, how logically does Mr. Lawes use the expe- 
riments I have here examined, to convict me of an 
error, and to overturn utterly the so-called Mineral 
Theory ? 

In the English edition of my " Chemical Letters," 
p. 522, I had said : " An enormous quantity of 
these substances, indispensable to the nourishment 
of plants, is annually withdrawn from the soil, and 
carried into great towns, in the shape of flour, 
cattle, &c. It is certain that this incessant removal 
of the phosphates must tend to exhaust the land 
and diminish its capability of producing grain. 
The fields of Great Britain are in a state of pro- 
gressive exhaustion from this cause, as is proved 
by the rapid extension of the cultivation of turnips 
and mangel-wurzel — ^plants which contain the least 
amount of the phosphates, and therefore require 
the smallest quantity for their development." 

No one, however strongly prepossessed, can 
perceive in these sentences a recipe for manuring 
turnips ; for the word manure does not once occur. 

But Mr. Lawes answers (Journal, xii. p. 33) : 

'* Professor Liebig has again, in the recent edi- 
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tion of his " Letters/' expressed an opinion entirely 
inconsistent with such a result* We do not hesitate 
to say, thatj however small tlie quantity of phos- 
phates contained in the tui^nips, the successful 
cultivation of it is more dependant upon a large 
supply of phosphoric acid iii the manure tlian that 
of any other crop/' 

No one surely can beheve that my statement as 
to the very smaU proportion of phosphates in 
tuniiiJS is untrue, hecaum Mr, Lawes has misunder- 
stood the meaning of the Bentences ahove quoted 
from my work. My remarks had no reference 
whatever to the manuring of turnips^ but were 
designed to direct attention to the difference 
between turnips and other crops which requke 
in certain periods of tlieir groT^lh more phosphates 
than turnips do. With reference to the cultiva- 
tion of grain, I wished to show that the growth 
of turnips had acquired so vast an extension^ 
for this reason, namely, became the soil loses bo 
liUle of tfiB phosphates hy the cuUivation of the 
latter erop. Turnips are so advantageous in a 
rotation, only because, whatever he the qnantity 
of phosphates contained in the soil, or added to it 
in the manure, they leave in the soil so large an 
amount of these indispensable salts for other crops. 
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which require a larger supply of them. Mr. LaweS 
himself states (Journal, viii. p. 70), that an average 
crop of turnips only extracts from the soil 50 lbs* 
of phosphate of lime, even when the soil contains 
fifty times that quantity. Would the extension of 
turnip husbandry, then, be advantageous, or even 
possible, if a crop of turnips removed from the soil, 
instead of 50 lbs. of phosphate, 200 lbs. or more ? 
The small per centage of phosphates in turnips is 
the reason why, in Germany and France, there is 
often obtained, after grain, a stubble crop of turnips 
in the same year.* 

If the reader will peruse the Letter in question, 

* If we calculate from the results of ash-analyses the quantities of 
phosphoric acid which are required respectively by a wheat-crop, 
including grain and straw, and by a turnip-crop, including roots 
and leaves, we find that wheat removes less of this substance from 
the soil than turnips. This result is apparently in contradiction to 
the &ct so well established by practical experience, that wheat 
requires more abundant supplies of phosphoric acid in the soil than 
the turnip. The two facts become reconciled when we take into 
account the longer time which the latter has in which to accumulate 
this mineral ingredient. 

The turnip requires phosphoric acid to be supplied through the 
whole of its long period of growth, four or five months, but uni- 
formly, and always in small quantity only, in any given time. Wheat 
needs the greater share of its phosphoric acid during the growth of 
the seed. This is the period in which, as practical men believe, the 
soil suffers the greatest loss, — is most exhausted. If the wheat- 
plant find a sufficient quantity of phosphoric acid within reach of 
its roots during the few weeks in which its seed is formed, then 
each kernel attains a full and normal development : if there be a 
slight deficiency of phosphoric acid, then the seeds are less nu- 
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(Letter xxxt. of the Englisli edition), iai which 
occurs the remark which Mr. Lawes has interpreted 
unfavourably for my yiews; he will perceive that 
the use made of that remark by Mr, Lawes does 
not do me justice. Duriug my travels in England 
m 1842j I had become acquainted with the great 
deposits of coproUtes in that country; and by 
aimlyses I had detected in these remains of an 
earUer period, a large quantity of phosphate of 
lime. This was, for British agricultm^e, a great 
and hitherto undiscovered treasure, — a mine, as 
it were, of a substance for whichj in the shape of 
import^ bones. Great Britain, was necessarily 
tributary to foreign counti'ies. The thiii^y-fifth 

merciiia or less large ; if tlio deficieacy be vqtj conaiderabl© then 
nothing but straw h produced. 

Tlie quati^tir of pUoeplioric acid^ whicli a wLoat-Boil abouH 
contain, doea not therefore at&tid io relation to the Bum tot^ wbiok 
tbe plant needfi, but to tlie qiiantltj which the komela require 
during the period of their devcilopinent. 

When we compare the quantity of phosphoric add which the 
Boil muBt yield to a wheat-crop dunog the mouth in which it^ seeds 
are forming, with that needed by a tumipcrop in tmy equal space 
of time, it is plain that wheat requires the presence of a far larger 
amount of thia indispensable body in the soil than tlie turnip. This 
is a fa<st not to be disregiirded in ruauuriug the eoil for these crops. 

The produce ^f ^ ^^^^ stands related to the amount of that 
mineral ingredient wh ch its soil c4>ntain» in smallest quaotity. 

As a general rulej the manuring of a 6eld should not bo calculated 
frcim the sum total of mmeral ingredlente which the plant takes 
from the ioil, but must be proportioned to that maximum of these 
suhstanctis which la required by the platit ia a certain period of 
its growth. 
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Letter of the English edition had no other ohject 
than to direct the attention of British farmers to 
this treasure (that Letter does not occur in the 
German edition). My advice has borne good fruit. 
A manufacturer of coprolite manure in the neigh- 
bourhood of Oxford, who quarries the coprolites and 
brings them into the market dissolved by sulphuric 
acid, assured me, when I met him at my friend 
Dr. Daubeny's in Oxford, in 1851, that he alone 
had already supplied the market with this manure 
to the value of £50,000 ; but also that a much larger 
quantity was prepared by farmers on their farms, 
and used by them on their own land. 
To conclude : 

1. Mr. Lawes has proved that his land contained 
an excess of those mineral constituents which are 
required for their perfect development, by seven crops 
of wheat, in grain and straw, during seven years. 

2. Mr. Lawes has proved what is predicted alike by 
theory and by sound common sense, that the produce 
of such land cannot be increased ; or can at most 
only be increased in proportion to the whole sum 
of such constituents present in the soil, by ma- 
nuring with these same mineral constituents.* 

* By manuring with 3 cart loads of the ashes of wheat-straw, the 
produce rose from 71 f pecks per acre, to 764 pecks, that is, by 
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^V S, Mi\ Lawes has pravedt what theory teaches ue, 
that the produce of such land may be increased by 
manuring with ammoniacal salts. 

4, Mr. Lawes has disproved what he intended to 
pnwej namely, that the excess of produce in this 
case is proportional to the quantity of ammonia 
present in the soil ; — that is, he has proved that a 
single, double, or treble supply of ammonia does 
^H not give a single, double, or treble excess of pro- 
^H duce ; but that this excess is a constant quantity, 
^ 5. Mr. Lawes has proved what he intended to 
disprove^ namely, that the whole produce is propor- 
tional to the one only constwit value which operated 
in his experiments^ that iSj to the total sum of the 
available or soluble nutritive mineral constituents 
present in the soil. He has proved what theory 
teaches, that the use of ammonia increases the action 
of the mineral constituents in a ^iven time ; that is, 
that in the same time a greater amount of mineral 
constituents become thereby active or available.* 

about -j^th of tlie wliole* By miuaiirmg with 418 Iba, of Liebig*B 
mmerBl mimure, for wheat, the produce rose from 71 J pcckjiper 
acre, to 81 § peek^p that ia, bj rather more than |tb of the whole* 

* We Cflu exalt the niechiiDiQal efifoct of Bubetauce by altering or 
improTiiig its meduudcaL coadition ; we oan, for ^xatnplej recdcr a 
blunt knifo sharp ; or we can m^& from the same bar of ateel 
two raaora, ooe of which m so mucli betttir than the other, that it 
wiU remo?© twiea &i many beards «b the other before it becomae 
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On an early occasion I shall consider more particu- 
larly the experiments of Mr. Lawes on the fattening 
of sheep, and on the cultivation of turnips. 

blunt. But we can in no way exalt the chemical effect of a Bub- 
Btanoe, bo as, for example, to make 1 lb. of carbonic acid, or ammo* 
nia, produce the same effect as 2 lbs. of carbonic acid, or ammonia; 
because, other things being the same, the chemical effect is propor- 
tional to the masses, that is, to the sum of active material parts, 
which are the carriers, as it were, of the force exerted. The effect 
in a given time is greater when, in that time, more material particles 
come into action. 1 lb. of sugar in fine powder dissolves in water 
much sooner than 1 lb. of sugar in large lumps, not because the 
attractive force is greater, by which the solution is effected, but 
because, on account of the increased (acting) surface given to the 
sugar, a greater (acting) surface of water comes in contact with it 
in the same time. 



THE END. 
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CHEMISTRf m ITS APPLICATIONS TO AOEICUL- 

TLTRE AND PHYSIOLOGY. By Justus Liebio, M.D. Edited, 
from the manuacdpt of the Author, by Ltoh PiItfaii, PIu D« 
and Wm. Qeegobt, M.D. Fourth Edition, revised. 8^0. 61. 6df 
oloth. 

Tax Iknnei who Titm c&nifia on bin qperatloiiB witbuiit ref&reiitse to tlie recent 
applications of Cli«mlHtiT to hia ciilliug, as dBYfllDpcd In this wrark, U ceitfttnly Dot 
in & poaitloti to compete la^ucceB&fully with bis more scientifio ncigbbour. The main 
objeet of tbo author ti tiio expotjltlom of Uie cbemicAl procesi^s engaged io the 
Dnlrition of vegetKbles, and the ^Incldation, on tbe priuclples thiiB laid down, of tbfi 
Kdmtitsges or dij^Adi^gntitj;^ Klt^oding tbe ordinary pracQcQ. 

This work is dlT],dtd into two principal sectiotm. In the firat> tbo dddratloii of the 
vmrlous coEuittlttientB of veKCtubles Is traced to tho atmo^ph^ra and tb^ anil. AppUcft- 
tion of tbe princlpkiB thus deTeloptd Is then tuade to tbe art of cultura. Amon^ tbe 
BUt^titfta bi^ tTfiitttid of are, tbe causQE of f anility and JbarrenBeRs; tbo meane of 
Imprnving IndltfeTtBut 8c41&; the reA*citt» why the practite of rotation of ctopa and 
fallow ia fonnd advnntiigeouer and tliG princlplqa on wbtrh thf^ jiulUiiius appliCHtlon 
of maciiireB uliould bt i^^iuiidiad. This arist part oonclud4^4j with a full acconut of tba 
T«»u]ta of vaiionE an&lyiJO& of the ash^B of pl&nta, wbkh are u&eful m a guide to the 
cboiee of efflcltint manurea. 

Id tbe aecf^nd jjart of thii UTirkj the autbor tllBciiiseB tbe subjects of femieii tattoo, 
dessky. jmd putrefaction^ and makes application to tba pfoc^s^oa of making wino^ boef, 
and Tlnegar, The tiaturU proceuseB of nitrliic&tiou, and tbe eonveitiion of wood Into 
eQ«lt *nd| lastly, the votion of pol^ns, contagions, and miasms ara here elncidated. 



FAUIUAfi LETTERS OK CHEMISTEY, la its Bek- 

tioDB to PhyHiolofTy> Dktetics, Agriculture, Commer©©, and PaHtioal 
Ecouomy, By Justus Von LiEBra. Tliird Edition. Complete 
in 1 vol. Foolscap Svo* 6*, oloth, 

Ta« tMvA of tho author has h&ta to preseat a JSort of bird'a*«ya rlew of Chemistry 
Id sli tta Y&rlona aspects and relations 1 tn abow its lmpartanc« as m moana of 
UDlbldlng tb« secn^tB ai nature; and also to show tbn influeooe whlob it exertf^ 
tbrouicb its varloiiM applicstions in manufnetm^a, agrlculmre, and medidne, on the 
present social oondltJoD of mankind. 

Ailer Inlanduotory remarka on tbo importancfi of cbemisliT, and on tba prinoiplfls 
OD which m judicious application ot chtsmlatry must ha fouindiad, an blatorioai sketch 
is given of tbe progrcsi! of this acience from taa timE^ of tbo akhtiimlsta. Tbe general 
principles of chemistrj are then diacttssed, aa cbi'mical afllnltv, chemical «quiYa 
lents, the atomic theory, atCn ■ also tbo aubjects wJukIi ari4 ri^Utea both to ckecnlatiy 
and nfl.tnrai obilosopby, as crystallisation^ iscmorphism, it^omeKam, coudeoaatlnn of 
gaiet, eu^ llie piinelplea on which aome Important cheraicaj manufsotureflp tiiat of 
flcNia In particular, aro fttandC'd, am explained, mad the infiuenoe on commerce Of aaob 
appUcattoas pointed out. 

A laT^ iicTtion of this work li deTOtfd to » eonsidoxation of tbo various changes 
t& wbfeli iKKlles of ar^nii; origin as^ mtlfjfiet, u fermentatlcfn, putpof action, latc.; the 
orlglD of oTgmnio bodied t tbo connectlflii of chemistry with animal pb^ffliolpgy, com- 
priifiug the flubjecta of nutritian and reaplradon, with reiiulUof the author's rosearchea 
on dietetics DUide daring tbe IftiJtfeif years, and obsarrattona on tbe compAralive 
nutritlTo v&lae at difEarent articles of food ; also tha connectit^n of chemistry with 
vflfetatile phyilotogy, comprislag the prfnciplea by whli^h tbe naa of maanres should 
be fuld«d, and oth^ &ppllcatioDa of diomiat^ to agrhmltnre. 
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HAHBBOOK OF IirOE0AinG ANALTBIS; One Him< 

djfed uid Tw&nt^'Two Ejuimplfis, lUustratiDg the mo^ miportaiit 
proceBieti for determining tho Elemisiitaiy compoeitLou of Mineml 
ftubstaxiceri. By Frederick WasLKB, Professor of Ohemktry m 
tho Uuiversity of GOttingen. Edited by Dr. A* W. UoymAwsr, 
Frofoeeor in the Royal College of Clioaiifltry* Large l2mo. 6a. 6d 

"TfliftPoJltidEifti] of UJEKinplee for prw:ltc€ in Cbeiulciil Ai>Jdyai% in tleslgueA iibleflr 
for the U8d of the IftbortLtory. It is drawrt ap uodor tJiti iiDprusBinn th&t It la eajler 
for moBt mtadft to obtain * eluf Loifiighl Into eetierkl relfttf ohm and Ikwii by tho itudy 
«r »p«t«] tmm^ tliftR inTOTBelr to Aoquire r luH^wleagi] of lodiTlduiI eii«fi6 by tnl 
lUnotlBg thv mttomioii to geneml ruleAJ'— j^Vcm the Prejace. 



ELEMEirrS OF CHEMICAL AHAIYSIS. Qualitatire 
Aiid Quautitativ©, By Edwarb Akdhkw Parnbll, Second Edition. 
Sve. ^i» cloth, 
Tnis Tork emliruea ImHIi qoftlltAtiTe and qtiantitatlTa analrstB ; It ia Istoiided for 
Ubor^itory nau, luid for tliose who u« aqt ultogetliBr piiRcquaintcd with clienildCry. It 
o^Hinei vitb InstruQUoaB fof p«rfoniiiiif fba cnrdltiitry mikrki[m]«.tiona oriii»lytieAl proK 
c««fiies, c^mbruclng no ftccounl of the wv^j^vxj nteDniilB;. iLnid also tbe QOdiH ftf 
pKpftnnii^ and appljing th«i muious i*Q^ii|;«nU. A fsonfiideralale pordon nf the work 
18 then duvotod ta tbe BUtsment f partly & thu Ubular form) of the appearMices pro- 
<liiG€d by the principal r&^geDts wbqn ■pplied to chemicii] subisttviirtiii. Tlitifit} 
appcsATAHcea ooiuttlctiie the grouadworlc of a B^rstomittic coiinw of r-peratioHs^ q^^t 
desisdbed, t<9 be followed In tbe qoiJltatlTe exainiDiitiQii af all Idnds of ebibsUooes, 
EUuatrmtad hj appropiifttei exomplea. 

JnthediTisionef tbo work ffhkh tnwts of quantitatlTe mialyaiSf process^ «?& 
dBfloribfid by which tho conBtitiic^ntB offlnkitATicni^ bi¥t JSBp&riiLted from (^Aeh ottinr, and 
Iheirwfilghta detanulfied. Fronviaiucft Jn hBrft given to all articles of commercial 
hnftortanoa, an lUkaUed) muiefti]«&e» and all mot&UIo ofBt, bleaching pawdaF, etc. In 
ao AppondJx^ prDcesoos an lutiodQfied for the complete analysis of cnido potaah««^ 
ores of ctia&^adede, aaltpetrni ^iwno^ tba aahea of TegBtaHeSt flte^ and copious tablea 
to fscilttubQ cfiloy.latIo»B Id analfshi. 

Amoni^ other flubjoctH benj tres-tfld of are the folkwia^: the analysis of mineral 
waters; the useof the blo'wpipc in qualitative analyaia; the analyais of mixed gi.&i;n; 
the deteotlen of polwins; the auilyiiii] of tirioe and urinary caleullj ami the proDei^ 
of oiiganio analysis. BeTeral of the processQe described are elsw to treati^^iB oq the 
subject. 

OUTLHTES OF THE COTTRSE OF ftlTALITATIVE 

ANALYSIS, Followed in the Gieesen Laboratory, By HcimT 

Will, Ph. D., Professor Extraordinary of Chemistry in the Uni- 

verHity of Gieasen. With a Preface by Bahon Liebio. Svo. 6s., 

or with the Tables tnoimt&d on linen, 7*. 

Tos want of an introduction to ehetuical analysis^ adapted for the aae of a 

laboimtoryi has ^vtjn rxso tn thi^ present work, wbich contains am accunto d«sortp- 

Hon of Che oourfle I have fallowed in my laboratory with f^reat advantage for 

twenty-flve yearB. It haa beoTi prepared at my ro£|ue6t by Professor Wilt, who b&a 

been my assiatant durinjj a great part of this period, I hope aad beHera that it 

will ha acceptablo to the English pnblie.— JVom t/ie rr^Jac^ Iff Baron Liahiff. 



FABNELL ON DTEINO ASH CALICO PBINTIN&. 

(Hepriuted from Paraell^a ** Applied Chemistry in Manufactures, 
ArtSj and Domefltic Economy, 1844.") With Jllustrationa. Sto, 
7m. doth. 
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THE ELECTKIC TELEGRAPH 

POPULARISED. 

WITH ONE HUNDRED ILLUSTRATIONS. 

By DIONYSIUS LAKDNER, DCL., 

From the ^* Museum of Sdonoe and Ark*' 



•*TiiO wader wUl find ih« moat tMtnplftta uid tntoUiglbb dfitorlptloji of "MeigTapliii; 
Ap|Wt«tuB in Dr. Lurdiuar'a ndisiniblo chaptisra on ih& sul^JecL**— JTi^riji Brki^ Mevktt. 

PEEFACE, 

Ijr ths eompmitloa «f CMi toIuielq mj irtiipoie has bfien to lender tzitelUglblti to 
•U wbo C0JX read, iiresp^otlve of any pn^vlout solentLQo ncquirBnieiita, Oie VHrioiie 
fonoA of tolu^pli In ftctiml opemtioa tu diflorent prU of tko world, and tho izLBiiiLar 
in wbkh their uiarreUouB cibcta aro produced. Binoo the tuatmrnerit Iw one form oir 
anot^ier Involves aH the £TQat lawa goTemlrtg elifCtrical aud mu^Qtical pbuxkomeoas 
the dl6C50Vftry of whicli wUl render for ever to&tnorabld tbo rescaTclioa cf tho ominiiot 
aciciatlflo^ men of thfl last half osiitiury, it was tiocje«5iary to ioeluds in the oxpogltion 
of «a;(th piece of appamttia Kuch an account of tba ph^'eScal prtticiple upoa which fta 
UM domnds, m ehould render its applieatiou and e Boots undonstood* [feaoriiitloiii 
of «uon appaeatuflj bowoTOr do^dy oxprH^safd, would have been obnouro tdthcmt 
gnphic lUufltratioQS to correiipoud with ttiom. Thfsaet bavo accordiitgly beau supplied, 
aa -wiJl be Bean, with no itpwuig: hamd , 

Ko two couDtrleB agree in wiopthig tbe aamo form of toIcgnipMe iostrument, and 
OTen in the Bame oomjtery diOerent forma of telfsgrnph uro iiaed by diOersnt oompaoloi 
and for diffaroiit pnrj>oises. Btnce thase varioua iOAtrumonta artf alwaya difibrent in 
the dotidls gf their oouatmctioa and often totally distinct in their principle and moda 
of operation, it wns n^pwaafy to @xplaiu each m fiuccaaunn, Jind to do so cotrect^y 
It waa xicccflHary to aeek and obtain aulhontic doeumentai desisriptlooti, and drawinp 
from those who wafa plaeed in the dlrcctioo nnd suporintcudeocie of the telogi^phfl 
In Tarious parta of the coatinent of Eiu-ope and tn the United gtateSL 

Thg Trader of tbia little Toliiuie wiU find in its pugeA abimdnnt OTidisncs that Ofl 
palna or uont b&va beoo apartHl in ULeeo TeEearcbea. 

The history of the ioventloin of the Kldctric Telegmph Is a aul^oct upon whJcih 
I h^im not judged it expedient to euteir. The detail? of aoab a aarrativo, neoosH^rilj 
nuioiiroaA and compliciite^, involthii; several queBtiouH of dieputeKl prloritv and con- 
teated datmsv t?eeidea filling a much krger vcthime than the pn'Cient^ would prcjuint 
fgw attnidCtioiiB for the larga maaiiros t>o whom our work la nddT-^saed. 

Thfl FJeetric TLktfmpb la not the invGntion of an Jiidividuji,!. As it now oxistA, 
it IB the joint production of many OTDtnont aele^tifie men and diatingiilHhed oxtiittd of 
v^ouA ccuntricsi wbeaa labours and €:xperuncnbal researches on the subject h&yo 
been apread over the last twenty ycara. Not baing prepwod to cngogo iu a completQ 
aooount of tba prtigreaslve results of them laboura, I iiaife in the following wurk 
gonoraUy abatained. from the mentfosi of tnvcntora, from adoairo to avoid the ilak oi 
sppeariug to put forward some in undue preforence to othetra who ml^ht be supposed 
to oa?fl better daiuia tts notice. Thera can, liowevoT, ba no riak nfcommitting &-a 
injustiee by Btating that in Enghmd PtofapBor WhEatstone, in tho tJuited States 
Piofesaor Hoise, iu Bavaria M. SteinhelL in Prussia Or, SlenieiDS. and iu Pt*nco 
MM, Ureffuct and Froraent^ have scvorally atood iu the leading ranks of invention. 
BEsidefi Sieae eminent peruana may ba miintlonod, Mr. Bain, the iiweutor of tho 
oleetro^hemicol telc^^pn ; Mr* Qeiuey and the Messrs, Bright^ who have imxjTOved 
the magnetic talegmph j Mceara. JJrett, to whoee gunlua and enti^riao the world la 
indebted forBubmarltie tolegrapha; Moa^rs NewalTiujd Co., who have been sig^aUaed 
by the eoDatmetJon of suhoiarine eabJes- Mr. Walker^ of the Qimth Eautetru Tol^^r^ph 
Company ; md Mr. House, of tha Uuitetl Btatcd. the invontor of a pnntkyf t«legrapk 
in extsnolTB opti ration. 

LONDON J WALTOJS^ *S; MABEELT, 
tTPPEE GOWEE STREET, AND IVY LANE, PATERNOSTER ROW, 
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PROBABLE. Bt AuousTua Da Mokgak, FrofewQr of MAthorm^ticB in Unlrer^ 
fdty €ollcg(^ Loudoii. Cke&p Ifisuo, Svo, Gi. ed. 



HISTOET, MTIQUITIES, &a 
TVICTIONAEY of Greek and Roman Geography, E^iited by 

William SMtrn; LL.D,, Editor of the LictionLirleB of " Greek trnd Romat^ Aatl- 
qniticfs/' and of "Bic^i-nphjr ind Mytbjjtjitgy/' With very numeroua liliji^trtitlo&$ 

on Wood. Voltim« L (11 uu ii;T^sjfl), \L IGsr. clotii Itttcrc^in 

Tilts Work will be coutinued m Quartarly Parts^ each 4fl ., and will bo aom* 
pleted in Two VoluKlad. 

Dictionaxy of Greek and Eoman Biography and Mythology* 

Bditdd by Wit.LiAiT Switft, LLD^, GUi^lcad E^Earamor ia tbe University ol 
Loutliin. Medium 8vo, llluqtTatad by nametxjua EngruTlug-a onWood. Completo 

Dictionary of Greek and Eoman Antiquities, sy thHous writ*™. 

Edited by Dr WiTT.TASt Suirii. Second Edition. Rovifietl tbmugbcmt, with, vei^ 
nuTnorDiia Aiidltiona and Alt<3r?iti(jiis, Que thick VdJuhk^ medium Bvo^ wVtli 
BeviiViO biimhetl En^ivirigs ou Wood. 21. 'It. 

A New Claasical Dictionary of Ancient Biography, Mytholoffy* 

AND GEOGRAPHY, Edit<jd by Dr. WiU.iW« ShItfi, New Edition. Ou« 
VoluTno, Kvtt, 15*. idotli. 

This work noimj>rv»M* tho anrno Biibjecta m are ctnitaiuod in tbo woll-koown 
Dictionary i>f* Leuipri^re» tivoidiDg its errorSi aupptyiug ita delrcivncioB aad 
exbibitinj? in a coueiae form the rt^tits of tbe Labours of mudorn schalarB, It will 
ibuaBUp^y a want that \im b^on long: fo't by moet penai^ms eugB^ed ia tuition. 



WALTON AND MABEMiT. 



A Smaller Dictionary of Antiquities; Boiootod and Abridged frmnth^ 

■^Dictio«my u( Grealc ftiid Ratrinti Aiitiquitlea." By TVilIhIAW SMjfif, LIlB. 

>ew iLud Cheaper Edition. Oue amaJll Volume, Tifro Hu " 
cluih. 



Oue amaJll Volume, Tmto HundrBii Wowdtut^ 7f, Sti 



A Smaller C?laaaical Dictionary- ^^ri^^ged ftAm tbe inrger work. By 

Pr. WiLUAat SwiTrtt CbtiUpur Kdiuou, Two Hundrod Woodimtfi, Crown Sro, 
7f, 0d. cloth. 

Tlie Odea of Horace} translated tato trnrhyTned Metren, With Introdnctions 
flad Notes, By F. W. NawstitJJ, Frofaaaor of Latin, Unlveralty College, I/ondtitL 
Cruwn Svo. &j. cloth. 

Niebnhr'B Hifitory of Eome, from the Earliest Times to tiie 

FALL OF THE WESTERN EMP1B1, Translated by Bisnop TuiftLWXtx, 
Archdeacon Raub, Dr. William Shitii, and Bt, Schmijql FourtJi tuid Chsnpur 
Bdition. Tlutw Vols., Svo, 3d*. 

ITiabnlir'g Lectures on Koman History, Tiiiaab*t4id and Edit^ by 

LfjONSARD Bf^fiMiTZ, Ph. B,, Eector of the High School ef Edinbui^h. H&w 
jind CheaxKsr Edition, hi Tbroo Vole. 8vo, 2is. 

Niebnhr's Lectiires oa Ancieiit History, comprising tho Asiatic 

Natloiia, tlio EiiypiiMiS, {jreekJM, Cari^hogiiiiFVUS, aud M&oedoniana. Tmn^latcd 
by Br. L. ^njairz. Threo Vola. Svo, If. 11#. ftd. 

Ill referenda tt^ Babylcnilik, Aeayrtft, imd Ejgypt, it 1i ^jartkiiJarly intereating to 
notice how clcsorly the hiiit^jirian lorcsaw &Da anticipated ai\ the greiit dlacoT^mims 
wldch have since been made hi those countiieft. A thousand points In tlw 
hlitoiT of iuiGient imitons, whteb have hitherto been either overlooked or ac- 
cefKted wLthont int^ulry, are heii$ treated with sannd initials m and placed in 
tlieir tnie JJght. 

Hiebuhr's Lectures on Ancient Ethnograpliy and Geography. 

Ctunprisinif C^raeee an<l her Oolouica, Italy, the lalonds of the Mediterranoiin, 
Bpuin^ Gaul, Britaiu, Noriliem Africa., and FhceniciA. TraTielated from the 
German by Dr. Leonuabs S^jwitx, F.R.S.E.^ Hector of the High School of 
Edinbuii^b,, with fuiditions and corTeetioiiB from bis Qwa Notes. Two Volft.^ Svo, 
IL 1*. dt>th, 

A History of Borne j &om the Earliest Times to the Death of 

COMMODUS. A.n. W% Bv Dr. T.. BcfiMixz, Roetor of the ITiffVi School of Edln- 
bni'gh, iSdJtorof ''Nt«biihr'Hi IjCCUin]«/' New Edition. With lOU Bluattatiosns 
oti WiJtKL One thick Vol., iihnii, 7». liJ. cloth. 

ftnestiona on Schmitz's History of Eome. By Joa» bobso^, b.a. 

Vlmo, Si cloth. 

A History of Greece, with Supplgim«ntiijy Cliapteni on the UteratuTBi Art, 

and Bomeatio MaJiners of t lie Oreakt. B|^ WilJiain Sraitb, LL.B.. Editor of the 

LfiptiQUflrii.'a of ^'Gi^^ek and Koman Antiqnitiea," "Biography," &g. Woodcuts 

and Mnpa. Post Svo, 7«. Oti. cloth, 

" Aj^ pkn capitally executed, la tha dmraotodfirtJC of Dr. Smitb^a introdnc- 

The Book of AimanaCi. with Jndc^E* % ^hlch the Almauac belonghiff to 
any vear iires-'uditig a.i>. 2000 csm be found ; with mcaiiBof finclinff Xew and Full 
HlouuH frinii n.ciL 120LIU to a.t>. tJOOO. By AisnuBruu Ba MonaAN, Frofeaeor of 
]lrlntlio]iuiUce in University CoUe^, I^jndon. Bemy Svii, oblong, bt^ ^loth.^ 

•■ This ifl (juitfl a Dovelty in chronolo^cil literataro. It !■ an umtifrio! f^?niiiiMtf 
— ^univerHil, that iB^, ass rtejiKiCts time, postv present, and future. Tlie m&bi 
object of it i», as the comiMier EtAtee^ to supbJv the plodM ol an old aUnanac, 
which la never at hand when wauttd ; of the iMm alrofuuie, which never was lat 
luixtd ; fluid uf the unlvcrr^ aJunanac in every aliapel A more uae^l chroao- 
lOffleai handbook could Bcareoly he cjjucuivud. It wiJl save *n iaunenajt? of 
C4ucidjiiti»n, nod ifl in many oth«r reBpticts i&yaiiiAblB »£ a ohruliolQgical gnldo 
imdlmtruetor/' — Oayford HiraliL 



W01K3 PUBUSHMJ BT 



of Ancient and Hodfifm 



Four lectures on the Contraiti 

HISTORY, Bj P. W. N^EWnAjf, I^^fe 

A numisHiatiO Maonfll ; or. Guide ta tli« CdUeoilQn and BtuJj of Orock, 
Rdtdhh, Rnd Eiiellah CtAim. Illmitrftted hf EugTBrlsgs of tnKti^ htmdir^ed typcst, 
bv tdflaid of whiah ^tua iakpBrfeoifc «iid oblk^imted mecw huf be oa«lly ded- 



POETRY. 



DISCOVEEY* A POEM. By EirtriRD Aldak ijtjfFaAK, K.A- Fookeap 

** IfiB e^coaition Is fliiiahod and of & g^ood tiihryil*'—Sp«faior. 
" Hn l4Hith&m'3i etyle Id vlgoroua, hJft Uam &tg mtiiictal, aud Ub Tetsificattoii b 
correct. • • Hlsporonitton ip truJy eloqijeut." — Jff^tnnia* 

Lots in the MdOD.^ a FOEM. WithHamarkaontliiLtLtiraiaiuy* BypAT&ujK 
Scott, Author or " halio.*' Foobeap 4to, S*. 6d* doth gilt. 

Boetical Worka of Jolm Keats. Rojai svo, sewoti 2*. 

A Collection of Foetry for the Practice of ElocutioTi. MadA for 

tbe iiBo of tbe Ladles* CoU«fE"^ Bodfwd Squarei Bf Fmfevwr F. W^ Newha», 

F«!i0Uc&p ^TO, 2*. drf. 

The Georgics of Yirgil. TmaslaledltttoTeraeliyiljftBov.W. H.BJ.TmJKST, 
ItC. A,» lioctof ij( Eftrwick-in-ElmoL FwLecnp ivo» 1*. Cki. ulotb. 



MISCEIXANEOira 

girSIKESS aa it is and as it might he. Br jrogspa l^ttoalu crwt 

^^ Svrij iJi. sewed, Ij. Gri. doth. 

•,' TVii& Work obtnlned the Prlase of Fifty tjulnens of«ivd by the Young lieia'a 
Ghriatinn Asfiwiatioo fur Ihu best Ensmy on "Tbe Evdfl of the Prcaatit Byatem of 
Buaiuc^^ ivtid tbfc! DlfficuUws tlity Pmeut to the AtteutnDont aajd JDeirelopmeiil 

of F*5i&otirti Piety, with SuggBstLona for their BejnoviiL" 

Christian Philosophy l or, an Attempt to Dlaplay the ETldflnoe and KmbI- 
lenco of Bavflftted Reliifloii by itn latcn^nl Tofltitnooy. By VtossiTMua Kirox, 
D.D., Into Fellow of Bt John'a College, Oxford ; aud Mjistct of Tunbtidp 
gahooL FookcAp Stcl, ^. Dd., doth, 

SuggfiStiOIlft on Eomale Edncation* Two IntrcdudMT Lectures on 
English Literature and MonJ I'hiloeopby, delivered in the Ladisa' CoUoav, 
B<3dfonJ. Squiitra, LoaduEi. By A. J, Suott, A.M., Principal ol Owun'a College^ 
Mimdiester^ Uta Prorfeefior of the EugliAh lAUguege and liitenLture in Umviantity 
CollegB, Loudon. Foolaoap Sto, If* OtL 

GneBSeS at Tmth* By Two BooTiuEBa, New Editlou. Fooljaap 8to. Piiffc 
Sniries, ^ ■ Second Seiiea, 7*, 

Mt, Frere'8 Works on Prophecy* 

Bi'.tPF tstERPflETATios OF THE ApnrAi-TFSi:. 8vo, 3*. flii, doth. 

Gewehal Struct ure or the ApocALift^E, chiefly relatiDg to the Ind^Tlduat 

Antichrist of the Laat Piiya, Svo, 2i. 
TnBEii LcrrEHS on the PjiOfnECis:^- Bvo, 2». 
EmuT LutTisfta 0» the PROPRXCiia ; tIb. on the Beretith Vial ; tbe dril and 

KcclBftiELatEcfll Periods; and on the Type of Jericho. Sfo, 2d, 6<!i. 

Gontllea." 8vo, S*. fiii ^^ 




I STEAM NATIGATIOT?^AKD EAILWATa 

I THE Steam Engine. Steam Kavigation, Beads, and Eailways, 

■ ESPLAmED AND ILLUSTEATED. A Kew and Cboapor Edition rnYisi^d 

■ and aarPE^kted to the present tinaa. By DiONvaiua Lardneil, D.O.L , fttrmeriy 

■ PjvafeMoi: of N&tiiral Pbibaophv and Aatronomy in UniTttrsft^r College, l>oiidi>ii. 

■ ^ Odo VoL, 12nio, Oluatratwi with Wood Eiigraviuga, S*. CW. dctU. 

I Hallway Hconemy ; or, tke New Art of Tranapart it» iLmags- 

H m^nt, Pitjapect^ and EeUtiana, Comtaorcml. Finiitidal, 4nd Social; with an 

■ l^ipgfdtJiOQ of tb« Prat;tlrail [lesulte of the Riiilways In operation in the United 
^ Kttigdom, on the Coatinout, and m Ameri<aL By I>iojf¥^aiDS LASJ>NeR, D.C.L. 

Ont VoL, large l£mo. 

Sketeb of the Origin and Frogjesa of Steam NaTigation. By 

Bensset* WoODCRGrr, Inta Profeaaor of Msichmery in University CollogVj London* 
With IT Litbogniphjc Pl:itea, Ft^p. 4 to, l.i». ulgth. 

The Pnettmatics of Hero of Alexandria; from the or%inai Greet. 

TransMted for and Edited by B^riittr WooDcaioFT^ Into ^mStaaox ^t MocbiDery 
in Univotaity Collugo, London. Fcap. 4tOj 12j. (jj. doth. 



NATUHAL PHILOSOPHY AND ISTEOKOMT. 

'THE Electric Telegrapli Fopnlarised. with loo niufltrationfl. By 

DroMTSica La^ldner, D.CX. From tlic '*Mu»ium of Scionco and Art^ 12iiio, 
2*e cloth. 

"Tha reiidcsr will find the most aotnplcte and lntel]]0blfl description ol 
TolopTftphi*^ Apparatus in Dr, Lardner'a admirablm fdiapUira ^u tbs aupj^t^**^- 
Itorih British Mevieje, 

FAMIIiIAE Letters on the Physics of the Earth. By h. B^rw, 

rrofcflftor of Phyaies in the iruiverBity of Oiessen. Edited by Dr. A. W. 
HOVMANK, Professor in the lloyid Ooliog« of Chtimldtry, London. Fcup. 8vu, fiff. 
Intitjduotion.— Gravity mmI ita EO^te. — Ttdos*— Heat within tha Earth.— 
Warm Bpnn^. — Hot SpHtu^ and J eta of Steam. — Jetm of Gob and Mud Volca- 
noBi — VciloLZiou and Earthquakes. — Tempcratur* of the Quteitnctit Cnist of the 
Earth,— Temperature of the Lowest Layer of the Atmoaphere.— Linea of equitl 
Seat^Temporatureof the Upper T^yer? of the Atmoaphers.— The iSnuw LknltA. 
— Glader^,— TtnipcrstAtre of tfie Watora, aud their Influenca on Climate.-— C^ir- 
Ttints of the Sea.— -Wind*.— Moisturo of tlio Air and Atmospheric Predpitation. 
— EHMtrtcity of the Air, L%htning, and Thuntifir. 

An Elementary Treatise on Mechanics^ for the use of Junior trniter- 

aity atudenta. Bv Recjiard Pottktl, A.M., Profea»5r of Natural PhUoflOphy in 
University CoUtige, Luodou. aeaond Edition, Svo, with numiftreiu DiAgnmlflt 
S*. fid dotiu 

An Elementary Treatiee on Optici, part l % RicaAB© p&ttm, 

A,M. Second Edition, Stcj, ctrrecttfa, with, numermia Diftgrams, Ot. 6fL cAath* 

An Elementary Treatise on Op ties, part tl, containing the Higher 

Propoaitiona. By Bicdaioj Pottek, AM* Sto^ with numerona PiagranLa, ISi. 6d, 
Twelve Planispherea, romung a Guide to the SlAra for every Night in ths 
Year, with an Introduction. Bvo, fl* &t tiloth. 

EcUptical Charts, Hours, 1, 2, 3. 4, 5, 7, 9. 10, U, 13, 14, 19, 

and 2i>, taken at the Obsurvatoiy, Refirent'a Part, under the din&ction of Gmaas 
BiEHOF, Eaq.. F.BS., Mc. 2$. M. «uk 

AstrOnomioal Obeeryatioilf , ta^a »t th^ ObaeJnmtory, HeReufB Park, 
during tha Ycarm lS3ft— 1B51, undiOT thfi direction of G*0BQE Bkhdp. Esq., 
P.R.B,,*iu. 4to. 12*. edL 

Mr. Biliopa Syuopticai TkHaof ihe foments of the Mmor Flaneta, between 
Mazi Mod Jupiter, u \aomti at tlie beginning of 1B*B, with the partlcukra 
rbLKtja^f to thsk dkooveiyp Aa^ AirttU^d at we Obeerratory, Regieut a Park. 



WOasS PCTBLISHRD BY 



DR. LABDNER'S 

MUSEUM OF SCIENCE AND ABT. 

9L iVLtsttlUn^ of 

INSTRUCTIVE AND AMUSINQ TRACTS ON TOE PHtSICAI* SCIINCES, AIND 
ON THKIR AFPLIGATION TO THE U3Eg OP LIPE. 

ILLUSTRATED BY ENGRAVINGS ON WOOD. 



DOUBLE VOLITMEa. 
Toluma 1 iff 4 lUf new ht Itad^ ttf^mi^l^ bmtjut, 2 Fotuma in 1 with indt3i$f dMh 



*'*l>r. Lardner'c UuMtuoa/ otui tft the &w works of tha kind whioli cga be 
rdcotouDeiKliid m at oace popuUr and nocumtQ.'*— ^> Pavui MjrnBH&\. 

ConUnU of ?oIb. I, wid H. (doiiloli)i 3b. 61 doUi. 



VOL, Ljprfc* li. 6ii,^ in AiiiiiJ*Jt«/ &cMir£/ji. 

1. Tlie PlaiiQtA; Are tboj Inhftbitod 

Giobea! 
S. WcatHur Pragnoatlcft. 
^ Tlie PJatiatA. Chap. II. 
4. F£»pular Fallacies in Queatlom of 

Pb jHlCfkl Scitmica. 

Pabt U., pHca 5fL 
e^ L&titudes EUid Langitud«„ 
(L The Pliiiifits. Chap, IH, 
7. Lunar lufliitjuoaa. 
Iij, Metocurlc Stouee ood Bhootliig Btora. 
Chup, I. 

Pabt IIL, priooGrf. 
n. Rail way Acddosta. Chap, I, 

10. The PlftOBta, Chap. IV. 

11, Moteorfo atoueft (md Stoi!*tiw Stikrs. 

ChAp, 11. 
1 % Bail way Aeeidenta. Chap. IL 
1$, Ught, 

Contents of Tols, ni* and 
VOL, UI,,^rfi?ilf.M- 
pABT VH.p pries S*l, 
27. L&cotnotton and Tmnflport^, their 

Iivfluenoeiiud Frogrosa. Cliap. L 
2S* TJifi Uoati. 

ap. Cammon TblngH.— The ^rth. 
30- LocoioOtdc^u ^k1 Tmosport, thdr 
tafluenpe and PrqgreBS, dbap. II, 

Part Tnl., pi-i<se dfi. 
31. The EJectrtcTeltigraplL Cbnp. I. 

Paet X., prioa 5d. 

40. Earthqiiakiifl and Volcanoes. Chftp. 1, 

41. TiiH EfDctric Telegrapli. Cliap. VI f. 

42. Tha Moctrlc Teloi?rapk. Chap, VIII, 

43. The Bloetric TelDgrapli, Chap. IX, 



YOL» II,| pri€t U. M , i» httnff^omt hmrdt. 

P4.RT IT., piio^ M. 

14. Commos Tbicigg!,— Air. 

15. LoconiotiotiL in Uia XTnlted St&tei 

Chap. I. 

16. OonjuUry Influancea. 01»p, I* 

IT. Locomotititi hi ik^ Ujiitfid SUt^ 
Chap. IL 

FiJiT V.| price 5tf, 
la, Cemoion Thtsvis.— Water. 
m ThjB Pottert Aii. Chap. L 
SO. Loeomolion ia the Umtod States, 

Chap. IIL 
2L The Fotter*a Art Chap, IL 

PABt VL, price dd 

23, Commoti Tilings. —Fine- 
st. The Pottar'a Art. Chiip, Itl. 

24. Comutary InfiuonooB. Ckan. If. 
S5. Tlitj Patter's Art Chap, IV. 
m. The Potter's Art. Chiip, V* 

lY* (double), 3a. ed. cloth, 

32. TeiTflBtrial Heat, Chap. I, 

&a, Th& Electric Telegraph. Chap, II* 

34, Tho Bim. 

Tahtv IX., prica 6d. 
S5. The EloBtric Telegraph. Chap. Ill, 
30, TerreBtriiil Heflt. Chip. II. 
37. The EleotriQ Teleffmph. Chnp. IV, 

SB. The Electric Telegraph. Chap, T. 
- - ~ ■ cbflp. VI 



PAiiif XL, price 5d. 
44 Barometor, Safety Lamp, and Whit- 
worth's Microiaetiic Apparatus. 



3&. The Electric Tiile|rrftpii. 

,, in handsome hoartli. 

i5. The Electrie Telograplu Chap, X. 
40. Eatthqtiakes aod Vulcaueee, OliapL It* 
47. Thfl Blactric Tdefifraph. Chap, XI* 

Past XII. , price 04, 
4^ 6team. 

4ff, The Electric Tolograph. Chap, Xtl. 
BtJ. Thts Electric Tel ej^iph. Cliap. XUL 
6L The Khactnc Tologmi'h. Chap. XIV. 
fia. The Electrie Teleffmph. Chap. 3tV. 



OR- LAR ONER'S 



r 

I OR. 

I JFia-r XIIL, prCcM 5<i. 

53* Thfl Stoam Kngtne. CMp. I, 
M. The E3*e. Chap. T. 

P55. Thfl Atmoapliene. 
60. Time, Uh^p. I. 
Tart 21V., pH<^ Btf, 
67* The Steam Engffne. Chmpn 11. 
fiSi, CDmHMiii TMt3£ii. Tinnj* Chap, U, 



WALTON A!fD MABERLY. 



MUSEUM (<yonHjiuid) t^ 



m. The Eyo. Chap. IT- 
W. Cummoii Thhigs. Pumps, 
Favi XV., prScfl &d. 
01. Til© Steam Engino. Chap. 11 1- 

62. Cdmniciu Thinga. TLrne. Cliap, HI. 

63. TTieEye. Chap. II [, 
SC Common Thin^. Time. Chap IV. 
<la* Common Things. Bpectaclea— The 

Kakldtncopix 

CbftltBttfii uj Tf ecH3f Nm/nMrs at Id. ; MoniMv Farli ttt 5d. ; QuaHtrltf 
Volumes at Is. 6d. , and Half Tearl:^ Ytdum^ at Bs. 6rf , 



First Book of Fatural Philosophy; or, im lotroductioa t-j th,a study of 

Staticu, DytiJiTniiSa. nydj-oj»taticef imd Optica, with muinuroua exxnuplea. By 
Bamuisl Newth, M.A,, Follow of UaivemtyCoUei^e, Lyndija* ISmo, ^i, U^ 

Elements of Mechanics a^d Hydrostatics. Bysutt^n. yKwt^ m.a. 

Second lidition, small 8to. Tj. M.^ cloth. 

Dr» Lardner's Handhook of Astronomy, p^m the ^-Handbook of 

Natural PhilMopby." 37 Fintoa and *200 Woodcuts. Large 12mo, le*, M, clotk 

Handbook of Natural Philosophy and Astronomy* ByBmitYams 

Lardner, formerly ProfesRor of Kiiitunil PhiUisaphy and Aatrouomy in UniTer- 
flity CoUenje, Louiion. Tki-utt Vols., lurgu I'iiuo^ witii Vtiry tumorous llluatra- 
ticma ou Wum-l, 
FIBS^ COURSE, One VoL^ I2i. Btf. clothe coatniiLs r — Mecliuilfli ; Hydro- 

fltaties ; Mydmnljcs ; Pneumatics ; Sound ; Opticeu 
''W& have much ploafiuro in recommeading Dr. Landiier'a 'Handbdok of 
Kiktuml Philoauphy ; it is one of the bot popular BuiutitiHc works thiit Uas yet 
Appeared/'— iTw^/wiA JoHrrml itf Edneaii&n. 

** Our eataminfttiom of the work loads us to epcak most favourably of it os a 
liaadbook for studeuta ; Jt will bo a tiseful addition Ui thf? library of u^ory 
m^ical Btudont, as weU as a aervlf^iiablo guido to ^1 who are abciut to oommence 
the fltudy of i^hysim "—Medi^ Ga2ftie. 
SSOOND G OUR SB, One Vol., 8j. <Jit , ccmtaiiui :— Boat ; Common Eloq^ 

tiridty; Mii^etism; Voltaic Electrieitj. 
T^IBO COURSH, One VoL, Kit. 6tf,, contain^: — AfltHmomy aud 

Moteoroltjgf With ST FlatfiB and 200 Woodouts. 



MATHEMATICS, &c. 



plLEMENTS of Arithmetic, By a crnTJama Db Mohq ju* , Profewor of Matlifl- 
maticB in Unlvaralty College, London. FUth Edition, wltli Elovua Appeodljcei, 
tloyal ]2mo, 6i. cloth. 

De Morg'an^a Elements of Algebra. PreiimiDaTy to tbc DiflfereaUAi 

CalculuB. Seci>Hd Editioti, lioyal ilhno, 9*^ doth. 

Be Morgan'B Trigonometry and Double Algebra, ^ojai lamo. 

Ta. M* elotli, 

Barlow'i Tables of Squares, Cubes, Square Boots, Cube Roots, 

AND REClPROCAtJ^, up to li^OOO. Sttre^^yp'*^ Edition, cKJ^tmiocfd nnd tor- 
rcetedH Under the &nperlutendenca at the Qoeiety for tho Uiifutiiun of Ueotul 
Eaowiedge« Bovol 12tuo, dotI^ Si. 




Ite mm Book of BmdSA 

niTBBiptiiri t wm^9^ 
Beiiicr'i Iflnoai mi Fi 

A Mnt Boafc im ftoa Kg oijOTieiTy, 

MM lift MMMKilPiM |A OmfnfBCl 

•tbcnlL ISfO^ WTHEMMiHi^ ILA.. 
tti 4«lter «r« Tmlte on Hw ^ 
til^nai% 1M% ^oHk UttlV 1«, WL 

Utdiie'i Modidoi of 



fWli^ of V>ral puifidHi. 



U. «4l. 




Tabid! of Lof aritlimi, Comman and TrigonnB^fcrkftL to Kwb 

i'LlCK^ Ub 1«T Uu ^ti£TiiilcDd£iLoe of thiA Bo^^ Sir tfa* Btfidca of U^efbl 
Xmr^^kd^. Vvmp, %^, i^iCb limp. !■. 6^. 

Letioiti oa ITuottierr m gfv«& mt tii« p«iAi0^si«n b^ioqz. 



Bv Ouasm Kexitzs. Tl^ MuUr'i M^imaL Kvw fiditkin. l^w, doth, 5i* 



GREEK. 



I 



>psi 



Anabasii of XeHOpIlOE* Expr^lj for acliod«. Wltl} Trateii. a GeeH 
ifra[^thbcal and Blogn^pliJO&L Itidex, uid ai, Map. By J. T. V. Rabdt, B.A., 
Princlpia of Hudderafii^kl C&Uogti ; uul Ebscst ADuist, GuBical Maator Id Uai* 
Toralty CoUisge BdifaooL L2iiiq^ 44, dd doth. 

I^eziCOS to Aesebylm, CoDtalniogftCMtk^Expl&nHtiQooftliflmorBriifliculfe 
PjiniHigEvR \u t.h€5 Seven Trtgediw. By tbft R^t, W. LiHWOOOi A,M, aLR.A,S, 
iioeoud iiUiiticu. BaviBmL Svu; L2f. doth. 

New Greek Delectus l ^^\ne B&tiUna^es for T^mlAtion from Gtvek l&to 
Eij^lUb. and En^flLah intti Oi^euk ; arrttnged in a SyNtemAtic ProgreMion. Bj 
ht. Raphael KuhstJsr^ Tmpslated and flditad from the Oemiim, by Dr. 
AiKDVR Auhttuf. Third EdiUon, foviat^l 12Qao, U* ekth. 

F{>iir Gospels in Greek, fot* th* ii« of sdiwu* Fcap, svo* cJo»th Bmii 

U. r>'t. Thin jiurfc of tho Greek Teaiainent Ih printed aeparaUlj for the usec^ 
StudebU l<c|fli:j(tlfi,g^ U> leom Qraek, the Kvaagirhatfl btamg more g^aemJIy i 
Ib&Q the FQit tif th« Teitumosit 



itt. By 



landon Greek GraniTnar^ na^td u eitibit, in btotoi ooiiip««8t tim mik 

men Lb of tM Grvek Luu^^iiagis. Emted by a Oaad^atb of tlie UmTi^rsity of 
Oxforti, Fifth Editioa. 12ino^ cdDthUixip, y, QdL 

Greek TeetBIUeEt. GrtiEaBACir*a test, witli thts Turioiis reading!! of Miti* 
and! Scholz, Second Editioiij i^^iied. Fc&p. Svo. cloth, Af. tial: mofocco, 

Plato. The AplocT of Soctbates, Crtkk attd part of the Fhaxiw. witfe BngUsh 
N^otea^ a Life of Socrates, &c. Edited by Bi. W* Bhxth. Sficoud Jfiditloa. l^iau, 

BoliBOii's Conatructive Greek Exercises, i?mo, dotb, 7t. 6d. 

*+' Tlila Work, wliSoh was tuioiiuilly hitendijd to bo ft ayw editio^ of " Allen *fl 
anatructtvc G rook Es err is<!av'wiU" Ukot ha place of tUatbcMsk. Thti | 



Conafcructtv 

principlea of both oro identical* 



I geaarftl 



Introduction to the Art of Composing Greek lambica, in imi- 

t:Ltion of tlie Greek Tmgedian& JDcalgnad for the us@ of Schools. By the E«v. 
Chaslks Tayleb. ISjdo, 3*. QtL 

What is the Power of the Greek Article ; aad how may it ba ex- 

I^Tfisaed in the English Vorsioa of tho Ifew Tuatamfiat ! By John TATLan. 8\iJ, 
2f. 64. 



LATIN. 



JtJSW L&till DelectnS ] being Scntencea for Tmnalatioa from Latin Into 
EDgbflh, and En^^lifib into Irfvtin ; orrank^'ed in a SystQinatk Frogtiatflion, on the 
plan of tbo Greek Deluctua, By Dr. Aleiaj^dkr AiiJur, TMrdEditionj l2mo, 
4r. dotli. 

Gomstmctive Latin ^XerCiseSi fo? toushlng th^ Hementa of the Laoguaen 
on a System of Aiid;T?Bifl and Byutbiaia ; with Lfttlu Tioadiug' LessonM, and copioun 
Yocabularies* By Jolis Robbon, B.A., late Aasiatant Master in Ucdvoisity 
College BchooL Tliird Edition, tiiornugbly i«vi*jd> 12nio, U. fl J. doth* 

London Latin Grammar J including tbc Eton syntax and Pnisody tu English, 
aecompanied with Kot^^i Edited by a Giuujuat* of the Univaiakty of OxTokI. 
Fifteenth J&lition* ISiiiOj 1«. ^, cloth limp. 

Firat Latin Beading' LeifiOna \ ^Ith c^snpUite Tccabuloiias, Inteaded tm 
an Ijitf ftduction to G^a&r. By JOBW Booaoii, B. A,, Aflalttaut Maffter lu UniTer- 
»ity CoUogo B-L-huoL 1 Jimo, 2ji. IW. cloth. 

The Prineipal Boots of the Latin Language, rimpMedhy a display 

<tt tbtir I [jooq^rTntii'^n into tbo EnglJah TonjriJa ; \vati copiona N&tes. By HKJJIiV 
HjU^, Fifth Edition, l^mo, U. M. doth limp. 

The Germama of Tacitus, with Ethndcglcal msaartatlonBand Note*, By 
Pn B. G. 1.ATUKH. Author of the ** English Languagev" &^ With a Hap, 
lieiny Sto, 1^. ^^tL 

TaoitlU, Germania, Agricolat andFbstBookoftheAnn^li. WltliBnfUjh 
Notes and BoTTJGKb'c Bemarki on the style of Tacitus. Third Editlfln roTlsed 
and much improved. Bditad by Dr. W. Ssfraa. I2mi\ §i* ulotJu 

Caesar for Beginners^ Latin and EngUih ; with tb« original Text ftt tbeeaa, 
12ino, Vm. ^4. dotb. 

MythologT for Versification ; or, a Brkf skctfih ot the fabid« or vh9 

Aocklita. prepariid to ^ reudtro4 Into Latin Yon*a. By tho late BeT- F. 
floMSW^ MXcPrtJVoijt ol Eton). N«w Edition. J2onj, St. bound. KmT to 
Ditto* Wf% lii. 



Select PortiOEs of Sacred History, conveyed la mas& foriAtin y^^». 

Ky the hita Rov. F, Uonoaoff, M,A. fProvnat of Eton), Tlilpi Bdltloii, 12iiiu, 
Di. 0.^. dyLU. K*Y tg Uitto. Royal Bto, 10s. fld. ttloth, 

SftlXF6d LyriOfl ): or^ Extnicti !W>ta tlifi Fropliatlt^ imd o1ih«r So^tiures of 
the Old Tfist^iiiient : ndfipUd to LfttJti Yarslflaitlon lii th& principal Mutree of 
no(U0K. By the kito Ruv. F. Houoaoji, M*A, (Provoet of Etxm). ISmo, 0*. OJ* 
ddtb. KfiY to BitU3* Std^ IQb, okih^ 

Xifttijl Authors, S4>lcict«d for the tua «f Soliooli t cont^ftlnki^ porttotiB df PhxBdrriB, 
Ovid's MetomorpUoBefl, Yli{ill'» .^Euel^ Coenar and Tacltufl. 12mo^ 1 s. &i. doih. 



HEBEEW. 



(J.BAM1IAB of the Hehrew Language, bj hy«ak hurwitse, ktif 

Pririfeaan;* of Ilebrcw In UulTeraity Collejre, London, FtJiirth EcJitiong reviBed and 
ealiirgcKl Hvt\ l;}^*^ cloth. Or in Two Farts^ Bold sepEu^tely z—ELEK&Hra, 4i. 0d. 
cloth ; ETVirotOGY and Br^tAX, Q*, cloth. 

Sook of GOEGfiis In English Hebrew; ucompantod bj aa Ist^rllusar 
IVftUiliiUqn^ subfltantiflUy tlie lame «» tho finthort^od BngUsli rersloti ; Philo- 
IpjpcAl Not'flf, «ad ik Onunmntical Ijitroduutlon. By W. QaiEBTFiEiLD, M.H. A.3. 
F<mttb Edition. C\imp Iasuo. Svo, 4s. tSrf. cloth. With tho origiaal Text lu 
Hfibraw ahiuoctors at tne ond, &to, 6*. ©J. dottu 



MAPS. 

TEACHING IffapS :— I, EIYERB and mountains, of BngUad, Waloa, 
^ Had Part of Sootknd. OJ. II. -TOWNS of Ditto, fti. 

FrOJOCtionS. Tht^ Maps. Vercator, Euaof-e. Bni'^ni iBLxa, Stitc1i«d Iil 

a Covtifj Im. Single Mapa^ 4i. each. 
PrOJOCtionB; witkOutlmoofCotiiitrj'. ThreeMapaetltcbfediinCo^er^ls, BmgU 

Mapij id. eftoh. 



ENGLISH. 

THE English Language. By i>r. r. g. lath aw, f.h.b., lato foHow or 

KiDg a Colitjgti, Camtiridgo, Fourth EdHioo, poatly enlargied. S Vols., S'^o. 

Aa English Grammar for the ITse of Schools. 

IjAtaAM. F.R.a, kto FeUow of King's CoUege, Cambddgo, 
12niD^ 4*, 6 J. cloth. 

Elements of English Grammar, for the Use of ladies* Schooli. 

By Hr. K. O. Latham, F.R.a. Feap. 8vo, 1*. M. cloth. 

Elements of English Grammar, for Commercial Schools, By 

Br* E> Or. LAraAM, F^B.S* Fcap. 8 to, 1^. fli. ekth. 



By Dr. It, G. 
Sixth Edition, 



» 



WALTON AKB HABEELT. 11^ 



Handbook of the English langTiage. ByDr,K. aL^THAn, f,b.s. 

Secotnl Kiiitiim, revisiJii anti min-h iiTiphtved. Crowu Hva, 7*, €d. cloth, 

Tho object of the " Handbook " ia to proflOftt to studonta for oxAmlnfttbn, In 
& molt) condenjdd t<ymi, tho chief fucta liDd moaoivlpgR of '"Thi» Enghsh Lmi- 

Sin^," hem BlBborate than that work, it 1b Idflfl eloBQflntury thun tho " EugUah 
ifttmnar.*^ Like All theothefworka by tboiQin}& author, it k^i" - :i' il promimmco 
to tho «tlincilg^cal relatioaa of ourtc»ug^ia ; and Inalstsi. *' -' ■ iral iu^ABtl- 

gution, and tho appUcatloa of ihegcuo^ [iHiidpluBof (Knu iMii i^liihrtoffy, tui 
thif irtia meana of exbihitiog ita nkl groivth ornft «tructui^, in nppoBitlou to tho 

of urr&AularitLefi. Itna 



^^M more usiml method of treaime' it u « niJU» of Imgularitlee. It "has the further 

<^f objeflt of supply tug 3, knowledge ef thoaa liiwB of spocdh and piiad^lfts of 

ffTunxmar which npply t© Uuguage geQemHy. 

History and Etyinalogy of English Qrammar, for tlid Vbb of 

CLASSICAL SCHOOLS, By Dr. R G. Ljlteam, F.RS. Fcap. 8vo, Ijt, flt/. oloth. 

First Outlines of Logic, mpiJicsd to OrammAr tmd Etymology, By Dr. R, G. 

Latham* 12 mo, 1*. &d. duth. 
KeW English SpeUiBg^ Book. By the R^t. Qokuam D. Abbqtt. Seoond 

Edition, \vlLh Beadiiig Leaons. ISmc^ sewvd, M, 

First English Beader. ny tlie Kev. a. D. AasoTt. ISmOi with Iliniteitlnn*. 

1*. cU4li limp. 

Second English Raader, By the Ror* g* d* abhott. 121110, ii^ea. DbtkUtup* 



b 



FEENCH. 



IVfEBLET'S French Gramniar, By?, p, MKBtET^ppofemiorof Fr«acii 

1*^ hi Univenjity Coibfja, LoDdoQ* Now EdiUon. 12mo, ds« fl*/. bound. Or, noUl 
I in two Parts ; I'nojroNCJjttlox jmd Accldeh-ob, 3*. BsT*; flTin:*Jt, »*. 6rf. (Kl«,, 

'" New Edition, 3j. dJ,) 
lEerlet^S Tradnctenrj Or, HiBromcAi^ Diuma-tic, imdMiacKLLASxoxfASaLio- 
TioNafrom the host FftKMOfi WniTir&a; accompanied by ExplariAtc^ N&te« ; # 
fl4?lection of Idioma, &C. Kcw Edition. 12mo, 6^« (kf« bc^und. 
kerlet's Dictionary of tho Bifficulties of the Frencli Language \ 
offiitaiiiiBff Eaiplajiatlons of every Grammatical Difficulty ; Byttt»tiytn« expkin^l 
in & oc&du maiusflr ; Veraification ; Ktymological YociibuliUT; Ftco Exorgloefi, 
witJi Notov; M«reantflft EiFMirttooR, Phrsaca^ and Luttotv ; Element* of Froiich 
Compofiitiua, A new and eiiLajripcd Edition* JSbqov S*. ^U. bound- 

Herlet*!! French Synonynes; explained m AiphAbeticfti ordsr, with 

Copious EiAmptca, (Fn^m the " DicTIOJIA^t or DiFWCULTHa*") 15iiio» Sm. ed. 
t^loth. 

StOriea firom French Writers, InterUnfiar (from llerlot'* ^'Tradnctear"). 

^^^»^^ GERMAN. 

Th© AdTentnrOi of tJlySSes ; * Gcrmm Reading BooTe ■ with ft ehort 

Gratzimaj' iitid tt. Vcxsi^bukixy. By FiUi- UtascH, Twonty-foiwWoodoutS, ISmo, 

€*, cloth, 

A Short Grammar of tho German Langnage. i2roo, ouh. u 

ITALIAN. 
First Italian Course J Being a Pruetleal and Eaay Method of rHcamUig the 
Elomeiite of thii lUUan Language* By W- Biiowimio SmTflt K,A.» Sacond 
Cljwaltyi] Miwter of the City of London BeLooL Boyal'lSmo, cloth, B*. 64. 

Fanizzi's Italian Grammar, tima, oiatk hm^ i#, w* 



IS 



W0EK8 PUBLI8HEB BT 




INTEELINEAR TRANSLITIONS, 



T^OCKE'S System of Olaaiical Instmetion, m^nug tbe Motbod of 

TencbitiK fctrrijerly pnctlBfid hi ilU Jhit^lii^ f=u>hr«i1>i. The iSerios iioiuiita of the 
foilnwlik^ IntarUtueur TmmlstiauH witti f ' ' "1 Tcsct, In which tbe quantity 
of th«i ri(;jubtfijl Vowfik is denotnl ; urif latiattiry t?ote&, *0. 

*,* By minuiB of fchwft Work*, tbtkt l iiq of Tuiticiii U ciflietaiilly 

nttond wbieh was oatablished by Uouu ^jiet, Enuftdua, and Lily, at the 
fbundjitbii i>f at- Piiul'a Sahnjol, imd w»» tlieo eiyoitied by fliitht»rity of the 
SlatA bQ be wlopusd lu aU otJier PttLIic g«miMiEi»of lenniiug tlirouahifut tbs 
kingdom. Encb Vdionie, U, tHi 



LATIN, 
1. PujEotitfs's PAiitsa o» AiiOP. 
2» Ovid'h Mataii oKrnosKs^ Book I. 
S. VfBoir'a^HKUi. Book I. 
4. PAaaiiicj lisasoKs to Yjboix. 
C^. Cjeoab'b Ivv amok of BniTAiK. 



GREEK, 

S, The Oios ov Ahaohion, 

3. IloMBt'& Illad. Book I^ 

4. FAii8nr<j L^sflosB to Hohxb. 

a. XeVOPHON'fi MUMOA&BIUA, PlUTt I. 



FRENCH,— SiHMosTDi; the BATTi.Ka of CftKasT and PoicTiWts, 
GERMAN.— S^^oKisB rsax Gbbman Wrtthra. 

%* A BuctiQd IdltiiDii of the EtiBay. expliiiiafcory of Ihfl Syitfim, with an OlitlJn« 
Of t^D Method of Study, la ptibUebod- 12iuu, aawud^ prio£) Gd. 



IJilUAL MAGNETISM, 

BAEOF VoE Reiclienbach*i Eeeeareliea on Magnetisni, Elec* 

*^ TEIICITY, HEAT, LIGHT, CRYSTALLISATION, AND CHEMIGAti AT^ 
TEACTION. IN THEIE RELATION TO THE VITAL FORCE. Tr^iAlAted 
and Edited (at the npr^ss destriQ of tho Authar) by D&. OkisooeVj of the Uqk 
TeraiU of Edlnbai^fa. OheAp Isius. Ona YDlume, Svo, Oc, 6^., cloth. 

' ' Tho luerita of thk rctiiJirkfthlH voLtioiti are great. Tbe paiiutakmsv *^^^- 
solentioua, cciutloiM^ ingeodouA,— w« had almost «BJd the relij^iauK^ aiid oartaiEJjf 
the Bdf-poflfi«sB^ eothUHlMm with which the eicparimftutal chm in followed fttniL 
turn to ttini of tho labyrititli, ia ffur|«ei9ed by nothitiip of t1i« same sort m the 
VfhoiB nuage of don temporary sdence "— A*ortA SrititJi Mtview, 



ANITOMT, MEDICINE, &c. 

T)E, Qnain'S Anatomy. Edltad by Da, SttAHPET and M^. Quaut^ Pro. 
foaaoTs of Anatomy and Physiology in Dnlveraitj GoUefffi, LoodoiL Fifth 
Editi^TD. Combluta in T«o Vuluco^fl, Svo, Olustratad by Sowt Ixtrndrid 
Ungm^iu^p oiiiL Wood. Friea ^ 

Demonstrations of Anatomy* a guj^o to tho Dis^ction of th« Hmmtn 

Body By George ViNtE Ellih, ^ofesBoroi Anatomy In U&ivereity CoUegs^ 
London. Third Edition. Small Sto. 12* 6d. oloth. 

Lectures on tlie Principles and Practice of Midwifery, By 

EDWAm> Wk. Mukpht A.m., M.D., Profosaor of Midwifery in Uuivepsitgr 
College^ LoadoiL Oiio Volume, %vo, many lUofltTationB, l&i. 

*'Tho work will take rank anionK th« bast troatifles on tho obHtatrlc att. By 
tbU work, Dr, Murphy haa placed his reputation and his faiu« on ^ soHd and 
diai»blB fmmdJitioo,^'— i>»**Kfv Midkal Fi-^tt, 



TTALTOK- AM) MA5ERLT. 
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A Handbook of Physiology, b^ vuj^iajc saimotjt* kihkm, 1£.d., t}&- 

Sioaitratoir of Horbld Aimtomy &t Bi. Bojrtholotnew'B Hoepital, Aeadsted by 
Jaicw Fao^^p Le4:;turer oa Craner&l Auatomy and Pliy&lDlogy at St< lituthD- 
iDmflw'a HcKBpitaL Secoud Edition. Ons Volume V^mo, witb XlluMratJoim. 

On Pain After Food; its Causes aad Treatment By RnwAa» 

Ballafld, II ,D , Lood., Lecturer ou tho Pmctice nf Medicine at the School of 
MeliciutJ adjoloiug 9t. Gcorge'ii Hoaiiittil. One voL 4j, ftt cloth. 

Physical Biagnosis of the DiBeases of the AbdomeiL b^ esw^kx) 

BjOLL^cRD^ MJ}.^ Late Ifedical Tutor in U Diversity CoUe^j Lcmdoiu Large 
l.iniOj TuL M. cloth. 

**Thoprnfc.sfltcni i« rei\ich ludobted to Dn Ballard for this uupratendinpr Uttle 
Tfilirnie, which, wa feal cartain, if carefully studied, will accoTrjpimI], itfl objJKst oi 
retnovlDir itiauy df the diJftcuUioa at present Hurrouudujg the diagnofiJa of 
aMoral n nl diaoascB. " — I&a cet, . 

A Practical Treatise on Diseases of the Heart and Lnngs, 

their Spnptoms imd Trefttmeot, aud tho Principlea of PhyHlcal iJlAimoiiaB. By 
W, H. WvLaHE^ M.Bh, Fi-ofussftr of tho Frinciplaa and Practice of Medichifii and 
Cliuiiml McrUcino in Uni varsity CoUe^ge, Londoa ; FbyaicinB tx> UniTormty Col- 
lege Hospital, and CcEnsulting- Physiciaa to tha HoEpital for Consumption and 
Il&siea of the Obfist. A Dtiw ^id couftidcrabJy eulaiig^d edition. Dnts Vulumfl^ 
ISt. ffd. cloth. 

"TbiA work 19 what tta nftme indicates It to bo — emindntly practical. That 
It will add ItiTgeJy to the already gre*it roputntlon of im author, m) qitflHtioo can 
he entertfiinad. It is far tti advjiuc^ of any other TraatiQe on Diaciisefl of tho 
Chesty etthor in this or any other coimtry. Every pago^-wa wure about to my 
fl^ery Una— containe a fact, often new, and alioayM rtaim^ oft tht Author^t ovm. 
abifrptxtitmi. Caaett iiva quotod to tifovs every iww itatement, and to supfxirt 
OTory aTErmmont adducEid in oppoaition to Dthfir% To the pmotitioiuir, the 
clinical teacher, and to the Atudant, thid work will proTe alike mvalniahlk" — 

The Natiire and Treatment of Cancer. By v. h. walbhb^ m.d,, 

Profoaaor of Medidno in UniveraJty CoUcgCj Fh^iciaa t© Univeraity College 
HcMpitaJ, and CcnsniltLng Fhyalclan to thu Hoipilal for Conaumptlon &iid 
IKsoBflei of the Che^tn One Volnine, Svo, with llluuitratioxui. Cheap Ubub, 

The Diseases of the Beetum. By ntcHAEB qua!», f.r.s,, ProfMEor of 

Cliuical Surgery in Univoii-fty Ct^llcge. aud Surgeon Ui iTniVHratty CoUfjge Hoa- 
pitaL With Lithographic Pl&tea. Post Svo. 7*. Cd. cloth, 

*'Thia Treatiso 1a eminently of a practical choncttirj aod ccmtalna mueh 
original and valuable matter, It ia not hideed a Utsrary compilatlan, but rath or 
an expo£itioa of tha antl)or's opinioufi and practice in tb^iee diaeaaes.'*— ^«ocia- 
tiim JdurnitL 

The Science and Art of Sorffery, Being a Trsatlsq on S^urglcal Iiynria*, 
lK«QUies, and Operations. By Jotrir EtHCTiSicji, Pfofessor of Surgiery in Uai- 
Tor^ity College, and Siirgtiou to UniveTHity College Eoatatal. £&a Wood 
Engraving. Ito. 1L 5*. 

*'^The aim of Mr. Bnt;h*i?n rvppcoTB to he, tn improvo upon the pinu of 
ganm«l Cooper ; and by connecting In «ne volume the icienco find art of 
Stueery^ to supply tJia attident with a temi-^took and the practitioner with a 
work of reforeniMi, in which scientil^o principles aud practical details are aUke 
induded- 

** It muit raifle the character of the author* and reflect great credit upon tho 
College in which ha ifl Professor, and we can cor^Jially recommend it as a work 
of re^cnce, both to Btudeuts and ptactit^tpfier*," — Mtdimi Times. 

The Microscopic Anatomy of the Human Body in Health 

AND DlgEASE. ItJustrnte i wath nun^ertms r>rr*wini?8 in Colour. By Aetitur 
Hill Hass^lu iLB*, ftrlWw nf tho Linnroan Sociaty^ Blembar of the Jioyal 
College of t^uTgaona, &c, &c Two Vols ^ 8vo, 2L &i, 

Hassall's History of the British Freshwater Algse, inciudisg 

Bescriptious of the Desmidcte and DUtomdc^s^ WitK Uftwarda of lOO Pletefl, 
illiiatnitlng the ^'atious specioe. Two VoU. 8ro, ^. 5f . 
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T^OEKS TTOLISHIP BY 



Horton's Snrgieal Anatomy of tbe Frinoipal Begfioiis, 

C'-^ini'Wtfld Vry Mr. Caixir, late A^niflt^tit gnrgooni, IJni'Fei'Siity College rfuaplta], 
TwunLj-llvij'Llthrifi'inipbic inuitnitloiu Culuufvj, Acid Tvrtinty-flve Woiixioutd. 
Koyol Hvii, Hit, fiioth lettered, 

''Th» ^ork thtis i^oTuplpteil C0Q«fcltttt^ A uufiil gu!H!i? td t*ie ft+ii^ent^ atid 

]-. ' . ■ ■' ■ ■ li'-T. Woannpeak verj^ fr. '■ ' ", ■..■neiiil 

■ ■•ilijureii LitliCigriipliB tin.. ', wcU 

mL tlio brtiod ftiCitures l»] : Tho 

tbwy ure iutqtidsd to illilatrLAte."— Mfdicai GasfiU, 

A Series of Anatomical Platea in Lithography* Edited hf 

JoN£«j QuAi?!, M,D., luid E&ASMua Wilson, F.R.S, 
%• A rrmttriitttl^ ehtap una U noit in tatrH v/iklii>i;rifto Suiytsribcr* at thi Jhltamnif 

To Sutracdbers* Fotrroor rrica* 

THE COMPLETE WORK* tu Two YoIubmss, Boyal £ m. d. £ «. d. 

Folio, H&lf'boiuid Moroeca , . i . • j» fi 8 S 

THE 8Ali£^ Full Caloumd, Holf-boimd MonHwo * S t^ )4 

Tki Work mo^f aljo &£ nsJtacnbud /mr in tgpttmit poriiont, ttvmid in CbfA mtd LiHfred, 
m/oUovn : — 

£ M. d. £. t. (i. £ M, {k A i. d. 

HuwlM, fit Platei * . . I fi 1 la — 2 4 3 ItJ 

Vetads, 5U Platen . . . ISO liaO — 300 uao, 

N^JTB*. as PlatM * .. 110 1 10 0-^3 14 2 1«0- 

Vitesflnu 3ii Plates , . , IT 1 6 — 1 lo *2 S © 

Booea imd Li^ajaauta, ^0 PJ^tea IT 1> i £ -- 1 U 1 II 
•»• PropomlM leitA JkH particitlamna^ bt had iff the J^lUhrri, 6^ whom attd t>y nli 

On OraTel, CalculiiSi and Oomt; cK^ny im AppUcat^ot^ of Prnfosadc' 

Liebig:'* Pbytiiglogy to tho Provfititbn and Gore of thoflo D1sc£1»5B. By H* B^JTCS 
JoH Jt^ M.D,, F,aS., Phjaiquax to St. Gtjorgfl'i HospiUL SyO^ fk. doth. 



CHEMISTRY, && 

' — * — 

■pAMILIAE Letters on Chemislxy. ioit»i*btU3asto pbyBJoioey, 

DiEtetiLts, AgricultiirB^ Cotnmufsie. and PDliticfd Eeouami'. By JuaTUfi Vo» 
LiEDio. A Nt w ami Choap lildmcui, reviflcd tbrtmgliout, witli mimy additloi^ 
Jjtj Iters, Go m plate in oao Volume, Foolflcap BvOj price Oj. eloth. 

Annual Eeport of the Progress of Chenustry* and tiio aimwi scienow, 

FhyBscSj Jlinertklog^", mid Gooloy^y j iucludliiig the Application^ of CliGiniBtry to 
rhtkTQiu^try, tlio Arts, imd MwiuQicturtia, By PKOfEt^o&s Liebig arid Karf 
Vfith tbu iMj-oiNEmtion of PrQlesaore Bn% JPfeOfc^nbaoh, EttliDj^, Runpp, WiU, aad 
Zamminer. Edit-ud by J>it. UoruANJf and De, JBkDi'OS JoNii^ VuJb. 1, 2, and ^ 
for 1347, 1&43, aud 1M&, %t. YoL 4 (1850), IL It 

Practical Pharmacy. The Aimn^roeats; Apporatua, arid Mani|}ulaticms ol 
tbis Pbamiaceulriettl Shop find Laboratory. By FBiSCiS Moua, Ph* D., ami 
Thsqphiluis Rjldwqod, Frtifttflaor of Otitimifltry aod Phannatsy to xho l^hfti^ 
niEbcdutlcal Soi'ltsty. 400 Eugi-avlDgs ua TIFood. 8vo, Si. (jiJ., clotb. 

Grregory's Handbook of Inorganic Chemistry. For tba una 

Students By WniiAM GiVBaonT, M.D., Proftvaaor of Cbemifltrj ftt. 
University id Edmhnrgh. Third ikiition, rcviaod imd oolAr^fiMi, 12ido, At* __ 
"A youug intiu who bem maateKd. tbfsbo fow and by nu luiauis C3lus^Iy priu^ 
imges. may vDature to face any bo4rd of trxambiomuu Cliomidtiy, without f ^^ 
of bfing |>oBed by any fair qutaitiqn/'' — AsMociatioh Jmtnmh 

(xiegory^s Handbook of Organic Chemistry ; hiding a i^ew and srtaXi$ 

Enhirged Edition of tha ** OutliiiBa of Orwamc Chemietrjr, fot the Uao 
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, Handbook of Ori^anic Analysis. By Justus Liepki, Editod by 

^^B 12iii*j. IlluEitifited by 65 Wtjitui £^ugn),vingB. bit. cbth. 

^^^ " The work now before us ifl a mo^t ToJunMe coiitribufciciD to our knQwle4ffo 

^^^^ on this moat urxportant ^ubjeot. Ths style la Iticid, tmd the prooeBaoa aiv not 

f only tijEplained to tlia mind, but are made maulfbtt bo the eyo oy a pfoAiBdun ot 

[ bi^utlM iUusttiktiouH/'— Jsfetiicai rinwii, 

I Haiidl)oi)k of Inorganie Analysis. By fhiudbich w^stESv m.d,, 

' Profeasor of Chemistry ill the UniveTsity of Gottinaen. Tr^tufilntftd and Edited 

^^^ by I!b, Hdfua^S, Prefeaaor in the Royiil Collegia of ChemiBtryj, London, Largo 

^^^ l2mo, ^.QfL cloth. 

^^^L ' ' Ko^t id UoBQ of Berlin in tho Tanks of llrii]^ analytic ohcmjstji, partioul^fly 

^^V in the Inorpjmic department of the art, standa FriedHcb WOhkr, who lii&B lu 

^^B, thU book ^veu us a. aompttndhim of luortrn-nit: ftnaly^hi, illustrated by examples 

^^Bi at thti mothcKlB to be pursued in the esuminiition of miacraJa, both of a simple 

^^^B Hind complex eDurtituticn, which, if foUowihi out hj the atudeiLt with ordtiiary 

^^V, tniro Eiiid ji!Vtle]ici3, and with aomo little pmctiCAl iniitruct!o», wiU udt foil to 

^^H render him a thoraugh mostor of this liivisiQu of ohcmical kuowlwige*** — 

W 



lementa of Chemical AnalyBis, fttialitative* and ftuantitative. 

By EiiWABD Andrew Pajutkli^ autb&r of ^'Apjjlled Chemistry; in Arts, 
Mjinuraotnreaj and Donieatio Economy/' SocDod KdUlon, ruvise^ thrcmghoutji 
and enhiF;gE^d by tba addition of 2(Kf |i«tef». £vo. Cheap Ibbuq, 9m^ tsloih. 

"Animal Chemistry; or, Chemistry in its Applications to Phy- 

BIOLOGY AND PATHOLOGY. By Jtrsrus hnmn\ M.D. Edited iVom the 
Author's Maimscrirt, by William Gbeooky, M.D. Third Edition, almost 



wholly re-writt«n. 



Part 1, <tlic first half of tbo work) ik* M. cluth. 



Chemistry in its Application to Agricnltiire and Physiology. 

By Jdhtub Lteoio, M.D. Edited frona tlie MamiecTJpt of the Author, by LifON 
PiAVf A-iHj Ph. D,, and Wh. OttKcsoiiV, M^J>* Potirth Edition, rdvisud. Cheap 
Issue. 6vo^ iSs. 6d^ 

Dyeing and Calioo Printing. By ej>waeb ANDnifw PiaNnix. Author of 

'^EtementA of Chfiint^'Jii Anftly^.'' (R&printed frgm Panioirs **AnpH«3 Ctic- 
luifitry m Mftiiufacturea, Artm^ «^d DomtiiStic Economy, 1S44."J With XUub- 
trationa. Svo, 7*. dloth, 

'Ontlines of the Conrse of ftnalitative Analysis followed in the 

GTESSEK T.AmHUTOHV, By Henry Will, Ph. IL, Profewpor Extmordinnry 

c<l' Clietui^tiT.' iu the Uinver*iity of (jioftSiuii. With u i'rtiface by B AEON LLfeLHUS* 
j avoj dff,, £>r with the Tables iiiutuited on linen, T*- 

k T nmer'a Elements of Chemistry. Edited by Profeswrn u^w and 

^K GSttOOBr. Eighth Edition. I Vol. Svo, V, lOd, 

HcOM] 

^» A 



MMMON-PLACE BOOKS AND LITERAET DIAEIE8. 



FH^ F^ivate Diaryi Arr&nged, Printed, and Huled forreceivJug^ an ncK^Qftmt 
of Wery diiy*i einployjtient for the sytfitso of one yc^rn With mi Indcix and 
Apirt>ndi3f. Cheaper Edition. Pout Btu, atrongly half bounds 3:1. (W, 

The StadeHt'S JotirnEl* Fornicd o« tbts plan of tho ''Private Diaiy. 
Choaptir Edition, Poiat Bvo, ttrongly littlf-bouad, Bt. fid. 

The Litera3l*y Diary l or Complet* common- PIpk.-* BooIc; vUh aa Explana- 
tion and ail Alphabet of Two jjetterfl on n TjHif, Cboiper Sdltioa. Poet 4 to, 
rilled throughont, and strotigty bjalX-bouudf fi^. trd. 

A Pocket Common^place Book, with locsx's index, Owfiperiditioa. 

poet ^&t «t»]^slr half-bcnmd. Or. iSdw 



Iff 



WDEKS PUBLISHED BY WALTON ANB MABEELT. 



jQnrEAL Drawing Copiei for the Eaxliest InstmctioE. 

(be Aulhor uf " Umwiug' for Yi:iuug Chiidnm,** Iti a ixin-tfolja. ^j;, ed. 

Easy Drawing Copies for Elememtarv lagtmction* By the Author 

of " I^TAwmg for Toting Ctuldren.'' Set L Twenty six Subjects moimtod on 
pa«tobc«r(L Ftlce 54. Cfl. iu a FurtToIio, §ct II. Fartj^otDe gubjoctft maunted 
oa naWlKHTd- Frj09 a*, «c^,. ja a PorUblto. 
%• Tba Wtrt-k auiy alKj be hjid (two sets &qgvtheir} in mut Portfolio, prwB Oi. «dL 

Sitiwilig Modeli. Confli«tl7)ig of FormB fbr Oodutractin^ yantma BuUdlngsi, 
Gfttowftj^ Ca4i1f», Bri4Ri3«^ && Tbo ByiLduus will be fouiHl soffldently Ut^ 
lo hs dntwia. fi\iiii by & uufiittJKiUi Gksi skt thft phedq Um«. Iu a B'Zft^ wtih n 
ctuaJl Tiiwtiisfl ou Drawing aud Fitnpectivv. Fri(±a 2L lOi, Leogtk of ih& Boi 
1^^ incliea; breadth IB iiuikm^ bfligiit Si iocbes. 

Drawing Materials, a QoMto copybook of S4 leav^g, cGmmon paper. M, 
A Qitiirto Copj-bnrok of 54 leaTOi, papor of superior ouality, U, M, A QuaH6 
Cujn l>cN>lc if '>> Jv:i.\e9, l*. ^i* Foncflfl. with v<ay tiuck laid, B.B,B. 3y. per 
hiiirUoziiii. ritJcLLg, with thiok JeadL F, at It. tW. ditto. Dr^winjr Chalk, dd* 
^i^r duzeu stjcks. In n Bujt, Pptl-c:rayoiifl for Luldlng thij Chalk. 4ii. Oftcb. 

Perspective, Ita PrlndpIcA and PtacHcav Bj 6. B. Mdokb. Ia two paats^ Texi- 

wd Flmtes. ivo, doth, Si. ^. 

The Pnnciples of Colour applied to DecoratiTe Art. By g. b. 

MiMhX^ Teaqher of Dmivlag iu UniTerjflii^j Calleg^i, London. Ftaip^ 2*. ed. 



SINGING. 

^HE Siagijlg Hasten VeopWs Edition. (Ohe-HaU- tka Origianl Price.) 
Sixth Ikiitiou Svo. 6*,^ clotb lettsr^d. 

" Wbftt chiofly ddigbU ua in tha Siti^mpf Maj^et i« the iutaTmixturo of many 
little moral at^ogs with tJjt) urtliiMwry gk^^a. Tiieae are chiefly compoged by 
Mr. HioksoD hiiii&elf ; aod we could scarcely iitiiagiu« any thing of the kind 
better exocutod* Thoy ralLatc to exactly the oIobb of fiubjartai wbioih iIL whi:> 
wish woU to the mdustTiDVia urdora wouia wjsJj to fie^ impriDttfd on their InniDfit 
tiattir&--cciiitoutn]eut with their lowly hut haiioumb]« lot, th« blenigtiigi tlmt 
flow from induitry^ the foateriog' of tbfc doiocstk aGfoctiona, aad aspirotions for 
the improvemeot of aociety.*' — Chwarfyfrs" Joynmt. 

♦»* J^iotd itlfo in Five F&tVt, {xviy of lekich ittaff be had maptimitl^ oi/o^lota: — 

FIRST LESSONS Hf SINGING AND THE NOTATION OF MUBIC. 
CciEktaiBiog lf!i]iot«OD Xio^ona ia the IN'otjitioii and Art of Rsadiog M uofcL StOi 
If p sewed. 

EUDIMENTS OF THE SCIENCB OF HAEMONY OE THOEOUOH BASS. 

Sto, 1ji, Hewe(L 
THE FIHST CLASS TUNE BOOK, A Belecfcionof tMrtysiBgle andpl^aaijjg 

air^ arrELQged with suitublo words for young chUdroa. tivo, 1^. Bowod. 
THE SECOND CLASS TUN^E BOOK. A Bekction of Yocca Music adapted 
for youth of dilftiTeiit agea, luid arraogBd (with soitBible worda) aa two and threq- 
part harmonies. 8vo< I** M 
THE HYMN TDNK BOOK, A Bcle^ion of SeTeoty popi^Iai^ Hymn ami. 
Fsidm Tunes, arranged with a tiew of IhcilJtatlag the progress of childji$n iBarnisg 
to lilng in parta» $vci, 1m. M. 

The wohIh without the Miiaio Tnay he had in three Btnall books EUi fblbwi :— 

MORAL SOXOS, froro tlie Fiiier Class TxT?fl» Book, U. 

MOHAh BONCS, from tho Srcontj Ci^Afl* Tttjie Book, Id. 

HYMNS from the Urvut Tvas Buok, x^ 

•,* The Vocal EserciBea, MotbI Bongs^ and Hymna, with the Music, taay also be 

had, printed on Carda, price Twopence each Cftrd, ar Twenty-flve for Three SMllii^ 
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